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Wdeoh ghv pdwlëuhv
Qrwdwlrqv 4
Lqwurgxfwlrq jìqìudoh 8
4 Uhodwlrqv gh edvh hq g|qdpltxh ghv vwuxfwxuhv <
414 K|srwkëvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
415 Prgëoh glvvlsdwli olqìdluh glvfuhw gx vhfrqg ruguh 1 1 1 1 1 1 1 1 1 1 1 1 43
41514 Grpdlqh whpsruho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
41515 Grpdlqh iuìtxhqwlho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
416 Vroxwlrqv ghv v|vwëphv krprjëqhv hw sursulìwìv 1 1 1 1 1 1 1 1 1 1 1 1 1 44
41614 V|vwëph frqvhuydwli dvvrflì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
41615 V|vwëph glvvlsdwli 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
417 Fruuìodwlrqv hqwuh vroxwlrqv sursuhv frpsoh{hv hw uìhoohv 1 1 1 1 1 1 1 1 1 46
41714 Ydohxuv sursuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
41715 Yhfwhxuv sursuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
418 Fdofxo gluhfw gh od uìsrqvh irufìh g*xqh vwuxfwxuh glvvlsdwlyh 1 1 1 1 1 1 48
41814 Uìsrqvh whpsruhooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
41815 Uìsrqvh iuìtxhqwlhooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
419 Rewhqwlrq gh od uìsrqvh irufìh g*xqh vwuxfwxuh glvvlsdwlyh sdu vxshusr0
vlwlrq prgdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
41914 Wudqvirupdwlrq prgdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49
41915 Dpruwlvvhphqw jìqìudolvì gldjrqdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
41916 Dpruwlvvhphqw jìqìudolvì qrq gldjrqdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
41: Wurqfdwxuh prgdoh hw fruuhfwlrq vwdwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
41:14 Skìqrpëqh gh wurqfdwxuh prgdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
41:15 Surfìgxuh gh fruuhfwlrq vwdwltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
41:16 Looxvwudwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
l
Wdeoh ghv pdwlëuhv
5 Uìgxfwlrq ghv prgëohv ìoìphqwv qlv 58
514 Grpdlqhv g*dssolfdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
51414 Dqdo|vhv vwdwltxhv hw g|qdpltxhv olqìdluhv 1 1 1 1 1 1 1 1 1 1 1 1 59
51415 Dqdo|vhv qrq0olqìdluhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
51416 Dqdo|vh ghv sureoëphv frxsoìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
51417 Sureoëphv g*rswlplvdwlrq hw gh uhfdodjh gh prgëoh 1 1 1 1 1 1 1 5:
51418 Dqdo|vh gh vwuxfwxuhv frpsoh{hv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
515 Gìqlwlrq g*hqvhpeohv gh ghjuì gh olehuwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;
516 Frqghqvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
51614 Surmhfwlrq ghv gìsodfhphqwv vwuxfwxuhov vxu xqh edvh gh Ulw} W 63
51615 Uìgxfwlrq g*ruguh sdu wudqvirupdwlrq frqjuxhqwh 1 1 1 1 1 1 1 64
51616 H{sdqvlrq ghv vroxwlrqv gx prgëoh uìgxlw 1 1 1 1 1 1 1 1 1 1 1 1 65
51617 Frqghqvdwlrq hq frrugrqqìhv sk|vltxhv gh w|sh gìsodfhphqw + 1 65
51618 Frqvhuydwlrq ghv ìqhujlhv prgdohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
517 V|qwkëvh prgdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
51714 Sduwlfxodulwìv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
51715 Gìqlwlrq ghv vrxv0vwuxfwxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
51716 Htxloleuh g*xqh vrxv0vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
51717 Frqghqvdwlrq g*xqh vrxv0vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:
51718 Htxdwlrqv gh frpsdwlelolwì dx{ iurqwlëuhv ghv vrxv0vwuxfwxuhv 1 1 6;
51719 Dvvhpeodjh ghv vrxv0vwuxfwxuhv frqghqvìhv 1 1 1 1 1 1 1 1 1 1 1 1 6;
518 Uìgxfwlrq pxowl0qlyhdx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
51814 Uìgxfwlrqv vxffhvvlyhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75
51815 Uìgxfwlrq ghv ghjuìv gh olehuwì gh mrqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 75
519 Edvhv gh uhsuìvhqwdwlrq gx prxyhphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
51914 Prghv qrupdx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76
51915 Uìsrqvhv vwdwltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
6 V|qwkëvh ghv pìwkrghv gh uìgxfwlrq 7<
614 Whfkqltxhv ã edvh gh wudqvirupdwlrqv frqjuxhqwhv 1 1 1 1 1 1 1 1 1 1 1 83
61414 Uìgxfwlrq g|qdpltxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
61415 Uìgxfwlrq vwdwltxh gh Jx|dq0Lurqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84
61416 Pìwkrgh gh Fudlj0Edpswrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
61417 Pìwkrgh gh Pduwlqh} hw do1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;
61418 Dvvhpeodjh h{solflwh sdu orfdolvdwlrq vxu ohv ghjuìv gh olehuwì gh
mrqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93
ll
Wdeoh ghv pdwlëuhv
615 Pìwkrghv gh w|sh PdfQhdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94
61514 Pìwkrgh gh PdfQhdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94
61515 Pìwkrgh gh Uxelq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
7 Frqghqvdwlrq dgdswìh dx uhfdodjh hw ã o*rswlplvdwlrq gh prgëoh 98
714 Sulqflsh hw dssolfdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
71414 Uìdqdo|vh dssurfkìh vxu edvh uìgxlwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
71415 Sdudpìwulvdwlrq gx prgëoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
71416 Sulqflsh gh od pìwkrgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:
715 Gìwhuplqdwlrq ghv uìsrqvhv vwdwltxhv uìvlgxhoohv 1 1 1 1 1 1 1 1 1 1 1 1 1 9;
71514 H{suhvvlrq gh od irufh gxh dx{ prglfdwlrqv 1 1 1 1 1 1 1 1 1 1 1 9;
71515 Edvh gh irufhv dvvrflìh dx{ prglfdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 9<
71516 Edvh gh uìvlgxv dvvrflìh dx{ prglfdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 :4
716 Uìgxfwlrqv pxowlsohv gdqv o*remhfwli gh uhfdodjh gh prgëohv gh judqgh
wdlooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4
71614 Dgdswdwlrq gx prgëoh dx{ grqqìhv revhuyìhv 1 1 1 1 1 1 1 1 1 1 :5
71615 Irupxodwlrq gx sureoëph gh uhfdodjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5
717 Dssolfdwlrq vxu xq prgëoh gh sruwlëuh gh yìklfxoh 1 1 1 1 1 1 1 1 1 1 1 1 :7
71714 Fdudfwìulvwltxhv gx prgëoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7
71715 Sdudpìwudjh gx prgëoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9
71716 Edvh gh uìgxfwlrq hpsor|ìh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9
71717 Uìvxowdwv rewhqxv oruv gh idleohv shuwxuedwlrqv 1 1 1 1 1 1 1 1 1 1 :;
71718 Uìvxowdwv rewhqxv oruv gh iruwhv shuwxuedwlrqv 1 1 1 1 1 1 1 1 1 1 ;5
718 H{whqvlrq gx sulqflsh gdqv oh fdguh gh uìgxfwlrq sdu v|qwkëvh prgdoh 1 ;7
71814 V|qwkëvh prgdoh ã edvh gh prghv oleuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7
71815 V|qwkëvh prgdoh ã edvh gh prghv ã iurqwlëuh eortxìh 1 1 1 1 1 1 ;8
719 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
8 Pìwkrgh gh v|qwkëvh prgdoh sursrvìh ;:
814 Sulqflsh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:
815 Pdwulfhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv frpsdwleohv 1 1 1 1 1 1 1 1 ;;
81514 Prghv oleuhv hqulfklv gh uìsrqvhv vwdwltxhv uìvlgxhoohv 1 1 1 1 1 1 ;<
81515 Prghv frqwudlqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3
81516 Prghv frqwudlqwv hqulfklv gh prghv qrupdx{ frpsdwleohv 1 1 1 1 <4
816 Dvvhpeodjh ghv vrxv0vwuxfwxuhv sdu ohv irufhv gh mrqfwlrq hw sdu wudqv0
irupdwlrq frqjuxhqwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
81614 Sulqflsh gh o*dvvhpeodjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5
lll
Wdeoh ghv pdwlëuhv
81615 Dvvhpeodjh vlpxowdqì ghv vrxv0grpdlqhv frqghqvìv 1 1 1 1 1 1 1 <6
81616 Dvvhpeodjh glìuì ghv vrxv0grpdlqhv frqghqvìv +pxowl0qlyhdx{, <8
817 Fdofxo ghv uìdfwlrqv ã o*lqwhuidfh gh od vrxv0vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 434
818 Uìvxowdwv qxpìultxhv = fdv dfdgìpltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434
81814 Sodtxh uhqirufìh sdu xq suroì hq X 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435
81815 Sodtxhv dvvhpeoìhv hq ìtxhuuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439
819 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
9 Dssolfdwlrqv ã ghv prgëohv lqgxvwulhov gh w|sh dxwrpreloh 444
914 Sodqfkhu gh fkdujh gh yìklfxoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445
91414 Fdudfwìulvwltxhv gx prgëoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445
91415 Pìwkrghv whvwìhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 447
91416 Uìvxowdwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:
915 Fdlvvh qxh gh yìklfxoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44<
91514 Fdudfwìulvwltxhv gx prgëoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44<
91515 Pìwkrgh hpsor|ìh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455
91516 Uìvxowdwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456
916 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 459
Frqfoxvlrq jìqìudoh 45:
Uìiìuhqfhv eleolrjudskltxhv 464
Dqqh{hv 46<
D Fkrl{ ghv ghjuìv gh olehuwì sdu idfwrulvdwlrq gh w|sh TU 1 1 1 1 1 1 1 1 46<
E Udsshov vxu od gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv 1 1 1 1 1 1 1 1 1 1 1 474
ly
Olvwh ghv Iljxuhv
414 Ylvxdolvdwlrq ghv glìuhqwhv frqwulexwlrqv prgdohv gdqv xqh uìsrqvh iuì0
txhqwlhooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
415 Uìsrqvh iuìtxhqwlhooh gh uìiìuhqfh hw huuhxuv devroxhv vxu ohv suìglfwlrqv
rewhqxhv sdu vxshusrvlwlrq prgdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
514 Sduwlwlrq ghv ghjuìv gh olehuwì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<
515 Dqdo|vh g|qdpltxh sdu frqghqvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
516 Dqdo|vh sdu v|qwkëvh prgdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
517 H{hpsoh g*xqh surfìgxuh gh uìgxfwlrq ã 5 qlyhdx{ 1 1 1 1 1 1 1 1 1 1 1 75
714 Uhfdodjh gh prgëoh = uìgxfwlrq ã 6 qlyhdx{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7
715 Sruwlëuh lqvwuxphqwìh +Sdqqhdx, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :8
716 Sruwlëuh lqvwuxphqwìh +Grxeoxuh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :8
717 Prgëoh ìoìphqwv qlv gh od sruwlëuh gh yìklfxoh 1 1 1 1 1 1 1 1 1 1 1 1 1 :9
718 ]rqhv sdudpìwuìhv gx prgëoh +Sruwlëuh gh yìklfxoh, 1 1 1 1 1 1 1 1 1 1 1 ::
719 Glvwdqfh hq iruph ghv yhfwhxuv sursuhv lvvxv ghv prgëohv lqlwldo hw shu0
wxueì +idleoh shuwxuedwlrq, +Sruwlëuh gh yìklfxoh, 1 1 1 1 1 1 1 1 1 1 1 1 :;
71: Edvh gh 6;3 prghv = glvwdqfh hq iruph hqwuh ohv yhfwhxuv sursuhv lvvxv gx
prgëoh shuwxueì gh uìiìuhqfh hw suìglwv sdu oh prgëoh frqghqvì shuwxueì
+Sruwlëuh gh yìklfxoh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<
71; Edvh gh 69 prghv hw 677 uìvlgxv vwdwltxhv = glvwdqfh hq iruph hqwuh ohv
yhfwhxuv sursuhv lvvxv gx prgëoh shuwxueì gh uìiìuhqfh hw suìglwv sdu oh
prgëoh frqghqvì shuwxueì +Sruwlëuh gh yìklfxoh, 1 1 1 1 1 1 1 1 1 1 1 1 1 :<
71< Huuhxu uhodwlyh vxu ohv vroxwlrqv sursuhv suìglwhv sdu ohv prgëohv frqghqvìv
shuwxueìv ylv0ã0ylv gx prgëoh shuwxueì gh uìiìuhqfh +Sruwlëuh gh yìklfxoh, ;3
7143 Txdolwì gh suìglfwlrq g*xqh uìsrqvh iuìtxhqwlhooh +dx gurlw g*xqh h{flwd0
wlrq, ã sduwlu gx prgëoh frqghqvì shuwxueì +Sruwlëuh gh yìklfxoh, 1 1 1 ;4
y
Olvwh ghv Iljxuhv
7144 Txdolwì gh suìglfwlrq g*xqh uìsrqvh iuìtxhqwlhooh ã sduwlu gx prgëoh
frqghqvì shuwxueì +Sruwlëuh gh yìklfxoh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4
7145 Glvwdqfh hq iruph ghv yhfwhxuv sursuhv lvvxv ghv prgëohv lqlwldo hw shu0
wxueì +iruwh shuwxuedwlrq, +Sruwlëuh gh yìklfxoh, 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5
7146 Edvh gh 6;3 prghv = glvwdqfh hq iruph hqwuh ohv yhfwhxuv sursuhv lvvxv gx
prgëoh shuwxueì gh uìiìuhqfh hw suìglwv sdu oh prgëoh frqghqvì shuwxueì
+Sruwlëuh gh yìklfxoh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6
7147 Edvh gh 69 prghv hw 677 uìvlgxv vwdwltxhv = glvwdqfh hq iruph hqwuh ohv
yhfwhxuv sursuhv lvvxv gx prgëoh shuwxueì gh uìiìuhqfh hw suìglwv sdu oh
prgëoh frqghqvì shuwxueì +Sruwlëuh gh yìklfxoh, 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6
814 O*remhw prgëoh frqghqvì 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
815 Gìqlwlrq g*remhwv vxshu0ìoìphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
816 Dvvhpeodjh ghv vxshu0ìoìphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:
817 Fdv pl{wh = 6 vrxv0hqvhpeohv gh irufhv gh mrqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 <;
818 Prgëoh ìoìphqwv qlv gh od sodtxh uhqirufìh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435
819 Huuhxu uhodwlyh vxu ohv iuìtxhqfhv sursuhv suìglwhv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Sodtxh uhqirufìh, 1 1 1 1 1 1 1 1 1 1 1 436
81: Huuhxu uhodwlyh vxu ohv yhfwhxuv sursuhv suìglwv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Sodtxh uhqirufìh, 1 1 1 1 1 1 1 1 1 1 1 436
81; Txdolwì gh suìglfwlrq g*xqh uìsrqvh iuìtxhqwlhooh +dx gurlw g*xqh h{flwd0
wlrq, ã sduwlu gx prgëoh uìgxlw ã 53 ghjuìv gh olehuwì sk|vltxhv +Sodtxh
uhqirufìh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
81< Txdolwì gh suìglfwlrq g*xqh uìsrqvh iuìtxhqwlhooh +dx gurlw g*xq g1g1o1
pdñwuh, ã sduwlu gx prgëoh uìgxlw ã 53 ghjuìv gh olehuwì sk|vltxhv
+Sodtxh uhqirufìh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438
8143 Txdolwì gh suìglfwlrq ghv uìsrqvhv iuìtxhqwlhoohv ã sduwlu gx prgëoh uì0
gxlw +pr|hqqh vxu ohv 53 ghjuìv gh olehuwì sk|vltxhv, +Sodtxh uhqirufìh, 438
8144 Prgëoh ìoìphqwv qlv gh o*ìtxhuuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439
8145 Huuhxu uhodwlyh vxu ohv iuìtxhqfhv sursuhv suìglwhv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Htxhuuh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43:
8146 Huuhxu uhodwlyh vxu ohv yhfwhxuv sursuhv suìglwv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Htxhuuh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
914 Prgëoh ìoìphqwv qlv gx sodqfkhu gh fkdujh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 445
915 Suhplhuv prghv gx sodqfkhu gh fkdujh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446
916 Vxshu0ìoìphqw 4 +Sodqfkhu gh fkdujh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 448
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917 Vxshu0ìoìphqw 5 +Sodqfkhu gh fkdujh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449
918 Vxshu0ìoìphqw 6 +Sodqfkhu gh fkdujh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449
919 Prgëoh ìoìphqwv qlv gx sodqfkhu irupì gh 6 vxshu0ìoìphqwv 1 1 1 1 1 1 449
91: Huuhxu uhodwlyh vxu ohv iuìtxhqfhv sursuhv suìglwhv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Sodqfkhu gh fkdujh, 1 1 1 1 1 1 1 1 1 1 44;
91; Huuhxu uhodwlyh vxu ohv yhfwhxuv sursuhv suìglwv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Sodqfkhu gh fkdujh, 1 1 1 1 1 1 1 1 1 1 44;
91< Vwuxfwxuh fdlvvh qxh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453
9143 Prgëoh ìoìphqwv qlv gh od fdlvvh qxh +783 333 ghjuìv gh olehuwì, 1 1 1 1 453
9144 Prgëoh ìoìphqwv qlv vrxv0vwuxfwxuì gh od fdlvvh 1 1 1 1 1 1 1 1 1 1 1 1 1 454
9145 Ghqvlwì gh od frqqhfwlylwì ghv vrxv0vwuxfwxuhv gx prgëoh fdlvvh 1 1 1 1 1 454
9146 Prgh gh wruvlrq gh od fdlvvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455
9147 Prgh gh  h{lrq gh od fdlvvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455
9148 Prgëoh ìoìphqwv qlv gh od fdlvvh irupì gh 9 vxshu0ìoìphqwv 1 1 1 1 1 1 456
9149 Huuhxu uhodwlyh vxu ohv iuìtxhqfhv sursuhv suìglwhv sdu oh prgëoh uìgxlw
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Fdlvvh qxh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 457
914: Huuhxu uhodwlyh vxu ohv yhfwhxuv sursuhv suìglwv sdu oh prgëoh uìgxlw ylv0
ã0ylv gx prgëoh gh uìiìuhqfh +Fdlvvh qxh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458
914; Huuhxu uhodwlyh vxu ohv vrxv0edvhv prgdohv fdofxoìhv dyhf oh prgëoh uìgxlw
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Fdlvvh qxh, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458
yll
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ylll
Olvwh ghv Wdeohdx{
814 Frpsrvlwlrq ghv edvhv gh frqghqvdwlrq +Htxhuuh, 1 1 1 1 1 1 1 1 1 1 1 1 43:
914 Frpsrvlwlrq ghv edvhv gh frqghqvdwlrq +Sodqfkhu gh fkdujh, 1 1 1 1 1 44:
915 Fdudfwìulvwltxhv ghv prgëohv uìgxlwv +Sodqfkhu gh fkdujh, 1 1 1 1 1 1 1 1 44:
l{
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Qrwdwlrqv
 Pdwulfh gh pdvvh
 Pdwulfh g*dpruwlvvhphqw
g Pdwulfh gh udlghxu
s Yhfwhxu ghv hruwv dssoltxìves5 Yhfwhxu ghv hruwv dssoltxìv vxu o*hqvhpeoh 5
s5 Yhfwhxu ghv hruwv dssoltxìv uhvwuhlqw vxu ohv g1g1o1 gh o*hqvhpeoh 5
+ Yhfwhxu gh uìsrqvh hq gìsodfhphqw
+5 Yhfwhxu gh uìsrqvh hq gìsodfhphqw uhvwuhlqw vxu ohv g1g1o1 gh o*hqvhpeoh 5
so Iuìtxhqfh g*h{flwdwlrq
/ Sxovdwlrq g*h{flwdwlrq
~ Lpsìgdqfh g|qdpltxh
K Ioh{lelolwì g|qdpltxh
__, Ghjuì+v, gh olehuwì
7 V|vwëph frqvhuydwli dvvrflì
t Pdwulfh prgdoh gx v|vwëph frqvhuydwli
\ Pdwulfh vshfwudoh gx v|vwëph frqvhuydwli
 Pdwulfh gh qruph ghv yhfwhxuv sursuhv gx v|vwëph frqvhuydwli
+D Dlëph yhfwhxu sursuh gx v|vwëph frqvhuydwli
bD Dlëph ydohxu sursuh gx v|vwëph frqvhuydwli
/D Dlëph sxovdwlrq sursuh gx v|vwëph frqvhuydwli
?D Qruph gx Dlëph yhfwhxu sursuh gx v|vwëph frqvhuydwli
q Pdwulfh ghv dpruwlvvhphqwv jìqìudolvìv
q
DD
Dpruwlvvhphqw jìqìudolvì gx Dlëph prgh sursuh
@D Dpruwlvvhphqw uìgxlw gx Dlëph prgh sursuh
'D Vxuwhqvlrq gx Dlëph prgh sursuh
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Qrwdwlrqv
Lc Pdwulfhv g*ìwdw gdqv o*hvsdfh 2
} Yhfwhxu ghv hruwv dssoltxìv gdqv o*hvsdfh 2
% Yhfwhxu gh od uìsrqvh gdqv o*hvsdfh 2
f Pdwulfh prgdoh gdqv o*hvsdfh 2
72 Pdwulfh vshfwudoh gdqv o*hvsdfh 2
(2 Pdwulfh gh qruph ghv yhfwhxuv sursuhv gdqv o*hvsdfh 2
%D Dlëph yhfwhxu sursuh gdqv o*hvsdfh 2
rD Dlëph ydohxu sursuh gdqv o*hvsdfh 2
_+D Dlëph yhfwhxu sursuh gx v|vwëph glvvlsdwli
_D Qruph gx Dlëph yhfwhxu sursuh gx v|vwëph glvvlsdwli
U Pdwulfh lghqwlwì
A Pdwulfh gh wudqvirupdwlrq
Od wudqvirupdwlrq A AA vhud glwh wudqvirupdwlrq frqjuxhqwh/
elhq txh A qh vrlw sdv uìjxolëuh/ sdu dqdorjlh dyhf od gìqlwlrq
ghv pdwulfhv frqjuxhqwhv
A_ Pdwulfh gh wudqvirupdwlrq gh gurlwh
A} Pdwulfh gh wudqvirupdwlrq gh jdxfkh
^c S Yhfwhxu ghv frrugrqqìhv uìgxlwhv rx jìqìudolvìhv
u Pdwulfh gh orfdolvdwlrq
 Pdwulfh gh frxsodjh
x Pdwulfh gh prghv qrupdx{ +jìqìudx{,
l Pdwulfh gh uìsrqvhv vwdwltxhv +jìqìudohv,
[ Pdwulfh prgdoh gx v|vwëph eortxì +frqwudlqw,
{ Pdwulfh vshfwudoh gx v|vwëph eortxì +frqwudlqw,
( Pdwulfh gh uìsrqvhv vwdwltxhv gx v|vwëph eortxì +jìqìudohv,
X Pdwulfh ghv prghv frqwudlqwv
C Pdwulfh gh  h{lelolwì g*xqh vwuxfwxuh uhqgxh lvrvwdwltxh
 Pdwulfh gh owudjh ghv prghv gh frusv uljlgh
7 Ioh{lelolwì vwdwltxh +owuìh,
- Ioh{lelolwì vwdwltxh uìvlgxhooh +owuìh,
-(+ Pdwulfh gh  h{lelolwì g|qdpltxh uìvlgxhooh +owuìh,
-( Whuph g|qdpltxh gh od pdwulfh gh  h{lelolwì g|qdpltxh uìvlgxhooh
- Ioh{lelolwì vwdwltxh uìvlgxhooh gx v|vwëph eortxì
5
Qrwdwlrqv
E Txdqwlwì uhodwlyh ã xqh rsìudwlrq g*dvvhpeodjh
E Txdqwlwì uhodwlyh ã xqh rsìudwlrq gh frqghqvdwlrq
E Txdqwlwì uhodwlyh ã od uìgxfwlrq gh Fudlj0Edpswrq
E( Txdqwlwì uhodwlyh dx{ prghv gìirupdeohv
E{ Txdqwlwì uhodwlyh ã ghv prglfdwlrqv sdudpìwultxhv
E(t Txdqwlwì uhodwlyh ã od uìgxfwlrq g|qdpltxh
EC Txdqwlwì uhodwlyh ã od uìgxfwlrq vwdwltxh gh Jx|dq hw Lurqv
EU Txdqwlwì uhodwlyh dx v|vwëph lqlwldo
E Txdqwlwì uhodwlyh ã od uìgxfwlrq gh Pduwlqh} hw do1
E Txdqwlwì uhodwlyh ã od uìgxfwlrq gh PdfQhdo
E- Txdqwlwì uhodwlyh dx{ prghv gh frusv uljlgh
E-8 Txdqwlwì uhodwlyh dx prgëoh uìgxlw qdo +v|qwkëvh prgdoh,
E- Txdqwlwì uhodwlyh ã xqh uìgxfwlrq urexvwh
E-L Txdqwlwì uhodwlyh ã od uìgxfwlrq gh Uxelq
E7. Txdqwlwì uhodwlyh ã xq vxshu0ìoìphqw
E?J Txdqwlwì uhodwlyh dx{ grqqìhv qrq revhuyìhv
ED Txdqwlwì uhodwlyh dx Dlëph prgh sursuh
EJ Txdqwlwì uhodwlyh dx{ grqqìhv revhuyìhv
Ee,e6 Txdqwlwì uhodwlyh dx{ pdwulfhv ìoìphqwdluhv
E& Txdqwlwì uhodwlyh ã od vrxv0vwuxfwxuh &
E6 Txdqwlwì uhodwlyh dx prgëoh
E6@S Txdqwlwì uhodwlyh dx{ pdfur0ìoìphqwv
Er Txdqwlwì uhodwlyh ã od vwuxfwxuh
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Lqwurgxfwlrq jìqìudoh
Od frqfhswlrq g*xqh vwuxfwxuh pìfdqltxh qìfhvvlwh jìqìudohphqw o*ìoderudwlrq g*xq
prgëoh gh frqqdlvvdqfh frqvwuxlw ã sduwlu ghv grqqìhv jìrpìwultxhv hw pdwìulhoohv1
Lo shuphw qrwdpphqw g*dssuìkhqghu gh pdqlëuh txdolwdwlyh hw gh suìgluh qxpìultxh0
phqw oh frpsruwhphqw vwuxfwxuho1 Uìgxlvdqw oh qrpeuh gh surwrw|shv qìfhvvdluhv hw
grqf ohv frþwv gh frqfhswlrq/ fhwwh ìwdsh gh vlpxodwlrq hvw odujhphqw uìsdqgxh dxmrxu0
g*kxl/ idflolwìh sdu o*h{sorvlrq fhv 63 ghuqlëuhv dqqìhv ghv pr|hqv lqirupdwltxhv plv ã
od glvsrvlwlrq ghv lqjìqlhxuv1 Od whfkqltxh gh prgìolvdwlrq od soxv frxudqwh frqvlvwh
ã glvfuìwlvhu od vwuxfwxuh frqwlqxh hq xq qrpeuh ql g*hqwlwìv ìoìphqwdluhv vsdwldohv
gh iruph jìrpìwultxh vlpsoh lqwhufrqqhfwìhv sdu ghv qrhxgv ã ohxuv vrpphwv dq gh
iruphu xq prgëoh ìoìphqwv qlv1 Gdqv oh grpdlqh olqìdluh/ rq h{sorlwh hvvhqwlhoohphqw
ohv prgëohv ìoìphqwv qlv ã ghv qv g*dqdo|vhv vwdwltxhv/ f*hvw ã gluh o*ìwxgh gh od ul0
jlglwì gh od vwuxfwxuh/ hw soxv sduwlfxolëuhphqw g*dqdo|vhv g|qdpltxhv/ rü o*rq ìwxglh
oh frpsruwhphqw yleudwrluh gh od vwuxfwxuh dlqvl txh vd uìsrqvh ã glyhuvhv h{flwdwlrqv
h{wìulhxuhv1 Ohv sulqflsdx{ remhfwliv gh o*dqdo|vh g|qdpltxh frqvlvwhqw hq o*dpìolrud0
wlrq gx frqiruw dfrxvwltxh hw oh frqwu÷oh ghv qlyhdx{ yleudwrluhv srxydqw hqwudñqhu xqh
lqvwdelolwì vwuxfwxudoh/ xqh idwljxh suìpdwxuìh rx xqh ghvwuxfwlrq g*ìtxlshphqwv gh od
vwuxfwxuh1
Xq prgëoh deohB
Od suìflvlrq hw od delolwì g*xq prgëoh ìoìphqwv qlv gìshqg gh od txdolwì gh o*hvwlpd0
wlrq ghv sdudpëwuhv lqwurgxlwv1 Hq suhplhu olhx/ rq fkhufkh grqf ã uhvshfwhu dx plhx{
od jìrpìwulh gh od vwuxfwxuh dlqvl txh ohv fdudfwìulvwltxhv ghv pdwìuldx{ hpsor|ìv1 Od
frpsdwlelolwì ghv rxwlov orjlflhov dfwxhov shuphw gh jìqìuhu xq pdloodjh ìoìphqwv qlv ã
sduwlu gx ghvvlq gh gìqlwlrq uìdolvì vxu ruglqdwhxu1 Ohv iruphv hw jìrpìwulhv ohv soxv
frpsoh{hv shxyhqw íwuh gëohphqw uhsurgxlwhv gdqv oh prgëoh1 Fh uhvshfw ghv grqqìhv
jìrpìwultxhv ghpdqgh xqh judqgh qhvvh gh pdloodjh1 Sdu h{hpsoh/ gdqv xq yìklfxoh/
od vwdelolwì hq frpsruwhphqw gh w÷ohv sodqhv hvw dvvxuìh sdu ghv qhuyxudjhv = od wdlooh
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ghv pdloohv hpsor|ìhv hw oh uhvshfw gh od jìrpìwulh ghv qhuyxuhv lq xhqfhqw frqvlgìud0
eohphqw ohv suìglfwlrqv g|qdpltxhv hq whuph gh iruphv joredohv1 Dlqvl/ sdudooëohphqw
ã o*hvvru gh od sxlvvdqfh gh fdofxo/ yrlw0rq dssdudñwuh ghv prgëohv gh wuëv judqgh wdlooh
+gh o*ruguh gx ploolrq gh ghjuìv gh olehuwì, uhvshfwdqw gëohphqw od jìrpìwulh gh od
vwuxfwxuh1
Fhshqgdqw/ lo hvw gl!floh g*hvwlphu d sulrul fhuwdlqv sdudpëwuhv gx prgëoh qrwdp0
phqw dx yrlvlqdjh ghv }rqhv gh mrqfwlrq ghv dvvhpeodjhv pìfdqr0vrxgìv +gdqv ohv0
txhoohv rq vrxsêrqqh ghv frpsruwhphqwv iruwhphqw qrq0olqìdluhv,1 Gh píph/ od sulvh
hq frpswh ghv frqwudlqwhv lqwhuqhv lqgxlwhv oruv ghv rsìudwlrqv gh plvh hq iruph hw
g*dvvhpeodjh gh od vwuxfwxuh hvw gìolfdwh1 Dlqvl/ txhov txh vrlhqw oh ud!qhphqw hw o*dw0
whqwlrq dssruwìv ã od prgìolvdwlrq/ lo frqylhqw g*dmxvwhu fhv sdudpëwuhv dq g*rewhqlu
xq prgëoh vljqlfdwli/ surfkh gh od uìdolwì sk|vltxh gh od vwuxfwxuh1 Fhwwh surfìgxuh
gh fruuhfwlrq/ ìwdsh txh o*rq qrpph uhfdodjh gh prgëoh/ qìfhvvlwh od uìdolvdwlrq gh ph0
vxuhv vxu od vwuxfwxuh1 Xq prgëoh uhfdoì/ ydolgì ylv0ã0ylv gh o*h{sìulhqfh/ shxw hqvxlwh
íwuh xwlolvì srxu ghv suìglfwlrqv gh frpsruwhphqw joredo gh od vwuxfwxuh vrxv glìuhqwv
fdv gh fkdujhphqwv/ gdqv glìuhqwhv frqjxudwlrqv/ frqglwlrq lpsìudwlyh srxu hqjdjhu
xqh surfìgxuh g*rswlplvdwlrq gh od vwuxfwxuh1
Xq prgëoh uìgxlwB
Dlqvl/ od uhfkhufkh gh delolwì ghv prgëohv frqgxlw ã o*ìoderudwlrq gh prgëohv qv gh
wuëv judqgh wdlooh/ shx pdqldeohv grqw rq uìdmxvwh ylv0ã0ylv gh uìvxowdwv g*hvvdlv fhu0
wdlqv sdudpëwuhv lpsrvvleohv ã hvwlphu d sulrul1 Od uìgxfwlrq ghv prgëohv ìoìphqwv
qlv g|qdpltxhv uìsrqg qdwxuhoohphqw ã fhw lpsìudwli gh delolwì1 Txhooh txh vrlw od
wdlooh gx prgëoh glvfuhw/ rq v*lqwìuhvvh jìqìudohphqw dx frpsruwhphqw g|qdpltxh gdqv
xqh edqgh edvvhv rx pr|hqqhv iuìtxhqfhv frpsruwdqw txhotxhv fhqwdlqhv gh prghv1
Od wudqvirupdwlrq gx prgëoh gìfulw vsdwldohphqw gdqv oh vrxv0hvsdfh prgdo g*ìwxgh
frqgxlw ã xq prgëoh frpsruwdqw xq qrpeuh uìgxlw gh frrugrqqìhv xwlohv wrxw hq suìvhu0
ydqw od txdolwì gh suìglfwlrq = fhod lqgxlw xqh uìgxfwlrq lpsruwdqwh ghv frþwv gh fdofxo
hw gh vwrfndjh1 Gh soxv/ o*xvdjh g*xqh whfkqltxh gh uìgxfwlrq hq frrugrqqìhv sk|vltxhv
shuphw o*dgdswdwlrq gh grqqìhv lvvxhv gx fdofxo dx{ phvxuhv rewhqxhv vxu od vwuxfwxuh
hw idflolwh ohv surfìgxuhv g*dmxvwhphqw ghv sdudpëwuhv gx prgëoh1 Gh píph/ o*hpsorl gh
edvhv gh uìgxfwlrq urexvwhv ylv0ã0ylv gh prglfdwlrqv sdudpìwultxhv gx prgëoh jìqëuh
ghv prgëohv uìgxlwv dswhv ã ghv uìdqdo|vhv dssurfkìhv xwlohv hw ìfrqrphv g*xq srlqw gh
yxh fdofxo oruv gh surfìgxuhv lwìudwlyhv gh uhfdodjh rx g*rswlplvdwlrq gh prgëoh1
Rq shxw gìqlu txhotxhv vsìflfdwlrqv fdudfwìulvdqw xq erq prgëoh uìgxlw/ vsìfl0
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fdwlrqv txh qrxv qrxv vrpphv {ìhv srxu o*ìwxgh ghv pìwkrghv gh uìgxfwlrq/ ã vdyrlu =
 xqh suìflvlrq gh suìglfwlrq pdñwulvìh/
 xqh urexvwhvvh ylv0ã0ylv gh shuwxuedwlrqv gh w|sh sdudpìwultxh/
 ghv frrugrqqìhv uìgxlwhv gh w|sh sk|vltxh gdqv xq remhfwli gh frxsodjh xowìulhxu
dyhf g*dxwuhv prgëohv +uìgxlwv rx qrq uìgxlwv/ dfrxvwltxhv, rx gh fruuìodwlrq dyhf
ohv phvxuhv/
 xqh dswlwxgh dx fdofxo gh uìsrqvhv ã ghv fkdujhphqwv h{wìulhxuv1
Ohv whfkqltxhv gh uìgxfwlrq gh prgëohv ìoìphqwv qlv qh vrqw sdv uìfhqwhv = hoohv
dssdudlvvhqw hq sdudooëoh dyhf oh gìyhorsshphqw ghv frghv ìoìphqwv qlv gdqv ohv dqqìhv
930:3 dq gh uìsrqguh ã ghv sureoëphv gh fdsdflwìv gh fdofxo doruv olplwìhv1 Fhv pì0
wkrghv vrqw dssduhqwìhv ã od pìwkrgh gh Ulw} txl frqvlvwh ã surmhwhu ohv pdwulfhv g*ìwdw
gx prgëoh gdqv xq vrxv0hvsdfh gìql ã sduwlu g*xq qrpeuh uìgxlw gh yhfwhxuv gh edvh1
Rq dwwulexh ã Su}hplhqlhfnl ^95` oh frqfhsw gh frqghqvdwlrq sdu vrxv0vwuxfwxuhv gìglì
ã od uìvroxwlrq ghv sureoëphv g*dqdo|vh vwdwltxh1
Od uìgxfwlrq sdu vrxv0vwuxfwxudwlrq rx v|qwkëvh prgdoh uìsrqg soxv vsìfltxhphqw
ã xqh dssurfkh gh frqfhswlrq sdu vrxv0hqvhpeohv dlqvl tx*ã xqh uhfkhufkh gh prgx0
odulwì hw gh vrxsohvvh gh fdofxo1 Fhwwh whfkqltxh frqvlvwh hq o*dvvhpeodjh gh soxvlhxuv
prgëohv uìgxlwv lqgìshqgdpphqw ohv xqv ghv dxwuhv1 Hooh hvw elhq dgdswìh ã o*dqdo|vh
gh vwuxfwxuhv frpsoh{hv/ frpsrvìhv g*xq dvvhpeodjh gh vrxv0frpsrvdqwv/ w|sltxhv ghv
vhfwhxuv gh o*lqgxvwulh dxwrpreloh/ ihuuryldluh/ qdydoh/ dìurqdxwltxh hw vsdwldoh1 Dlqvl/
fkdtxh vrxv0frqwudfwdqw/ uhvsrqvdeoh gh od uìdolvdwlrq g*xq vrxv0hqvhpeoh irxuqlw oh
prgëoh uìgxlw gh od vrxv0vwuxfwxuh dx pdñwuh g*rhxyuh gx surmhw txl dvvxuh o*dvvhp0
eodjh gx prgëoh uìgxlw joredo hw ohv dqdo|vhv dvvrflìhv1
Gdqv oh vhfwhxu dxwrpreloh/ ohv surfìgìv uìfhqwv g*dvvhpeodjh sdu vrxgr0froodjh
+jdlqv hq uljlglwì/ hq whqxh dx{ fkrfv/ hq frqiruw dfrxvwltxh hw hq glvvlsdwlrq g*ìqhujlh
yleudwrluh, pxowlsolhqw ohv srlqwv gh mrqfwlrq vxu ohv prgëohv dvvrflìv1 Ohv pìwkrghv
fodvvltxhv gh v|qwkëvh prgdoh suìvhqwhqw xq lqfrqyìqlhqw pdmhxu oruvtxh o*rq d ddluh ã
ghv vwuxfwxuhv ã iruw ghjuì gh frqqhfwlylwì = o*dvvhpeodjh ghv vrxv0vwuxfwxuhv frqghqvìhv
hvw uìdolvì vxu ohv gìsodfhphqwv gh mrqfwlrq/ ohvtxhov sìqdolvhqw frqvlgìudeohphqw oh
prgëoh uìgxlw hq whuph gh wdlooh ghv pdwulfhv uìgxlwhv1 Fhv frrugrqqìhv gh mrqfwlrq vrqw
mxjìhv lqxwlohv hw uhgrqgdqwhv txdqw ã od delolwì gx prgëoh uìgxlw1 Rq sursrvh xqh
pìwkrgh gh v|qwkëvh prgdoh lqvsluìh gh od whfkqltxh gh PdfQhdo rü o*rq v*dudqfklw gh
od suìvhqfh gh fhv frrugrqqìhv gdqv oh prgëoh uìgxlw1 O*ruljlqdolwì gh od pìwkrgh uìvlgh
:
Lqwurgxfwlrq jìqìudoh
gdqv xq surfìgì g*dvvhpeodjh ghv vrxv0vwuxfwxuhv frqghqvìhv edvì vxu o*ìolplqdwlrq
ghv hruwv gh mrqfwlrq uìvlgxhov sdu xqh wudqvirupdwlrq gh w|sh frqjuxhqwh1 Fhwwh
whfkqltxh shuphw o*rewhqwlrq g*xq prgëoh uìgxlw vrxv0vwuxfwxuì h{hpsw ghv frrugrqqìhv
gh mrqfwlrq hw fh srxu xqh suìflvlrq dx prlqv ìtxlydohqwh ã fhooh rewhqxh dyhf ohv
pìwkrghv fodvvltxhv gh v|qwkëvh prgdoh1
Sodq gx pìprluh
Rq udsshooh gdqv oh fkdslwuh 4 txhotxhv qrwlrqv gh edvh hq g|qdpltxh ghv vwuxfwxuhv
rü o*rq ìyrtxh ohv dvshfwv gh wurqfdwxuh prgdoh hw gh fruuhfwlrq vwdwltxh1
Oh fkdslwuh 5 hvw frqvdfuì dx{ jìqìudolwìv vxu ohv whfkqltxhv gh uìgxfwlrq ghv
prgëohv ìoìphqwv qlv wdqw gdqv xqh dssurfkh gh frqghqvdwlrq sxuh txh gh vrxv0
vwuxfwxudwlrq1
Rq suìvhqwh gdqv oh fkdslwuh 6 ohv whfkqltxhv gh uìgxfwlrq ohv soxv fodvvltxhv vrxv
xqh iruph xqlìh gh frqghqvdwlrq hw v|qwkëvh prgdoh1 Rq v*dvvxuh gdqv od irupxodwlrq
ghv pìwkrghv suìvhqwìhv gh od sulvh hq frpswh g*ìyhqwxhov fkdujhphqwv h{whuqhv/ gh
o*rewhqwlrq gh prgëohv uìgxlwv lqwìjudohphqw h{sulpìv hq frrugrqqìhv sk|vltxhv hw gh
od frpsdwlelolwì dyhf o*xwlolvdwlrq ìyhqwxhooh gh uìsrqvhv vwdwltxhv ghvwlqìhv ã dffurñwuh
od urexvwhvvh ghv prgëohv uìgxlwv1
Oh fkdslwuh 7 hvw frqvdfuì vsìfltxhphqw ã o*ìwxgh gh od urexvwhvvh gx prgëoh
uìgxlw sdu dgmrqfwlrq gdqv od edvh gh uìgxfwlrq gh yhfwhxuv vwdwltxhv uìvlgxhov dvvrflìv
ã xq fkdujhphqw uhsuìvhqwdwli ghv prglfdwlrqv sdudpìwultxhv1 Qrxv jìqìudolvrqv fhwwh
whfkqltxh ã od suìglfwlrq gh uìsrqvhv iuìtxhqwlhoohv1 Od gìpdufkh hpsor|ìh hvw suìvhqwìh
gdqv o*remhfwli g*xq uhfdodjh sdu dgdswdwlrq g*xq prgëoh sdudpìwuì gh sruwh gh yìklfxoh
ã 63 333 ghjuìv gh olehuwì1
Oh fkdslwuh 8 hvw gìglì ã od pìwkrgh gh v|qwkëvh prgdoh sursrvìh/ rü o*rq gìwdlooh
ohv glìuhqwhv edvhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv frpsdwleohv dyhf od pìwkrgh
g*dvvhpeodjh1 Rq looxvwuh ohv shuirupdqfhv gh od whfkqltxh vxu 5 fdv0whvwv dfdgìpltxhv1
Oh sulqflsh gh uìgxfwlrq ã soxvlhxuv qlyhdx{/ f*hvw ã gluh od pìwkrgh gh v|qwkëvh prgdoh
sursrvìh vxlylh g*xqh frqghqvdwlrq prgdoh hq frrugrqqìhv sk|vltxhv/ hvw dssoltxì ã
od suìglfwlrq gh uìsrqvhv irufìhv1
Gdqv oh fkdslwuh 9/ rq frpsduh ohv uìvxowdwv rewhqxv dyhf fhx{ ghv pìwkrghv fodv0
vltxhv vxu 5 prgëohv gh vwuxfwxuhv lqgxvwulhoohv gh w|sh dxwrpreloh = xq sodqfkhu gh
fkdujh gh 78 333 ghjuìv gh olehuwì hw xqh fdlvvh qxh gh 783 333 ghjuìv gh olehuwì frp0
sruwdqw 433 vrxv0vwuxfwxuhv1 Fhwwh ghuqlëuh dssolfdwlrq looxvwuh ohv shuirupdqfhv gh od
whfkqltxh sursrvìh1
;
Fkdslwuh 4
Uhodwlrqv gh edvh hq g|qdpltxh ghv
vwuxfwxuhv
Qrxv frqvlgìurqv lfl o*ìwxgh g|qdpltxh g*dvvhpeodjhv pìfdqltxhv ã frpsruwhphqw
olqìdluh1 Qrxv udsshorqv txhotxhv qrwlrqv gh edvh vxu ohvtxhoohv v*dssxlh o*h{srvì1 Fhv
udsshov vrqw h{wudlwv ghv frxuv gh Iloorg ^5:`/ Odoohphqw ^78`/ Sludqgd ^94` hqvhljqdqwv0
fkhufkhxuv dx Oderudwrluh gh Pìfdqltxh Dssoltxìh U1 Fkdoìdw gh Ehvdqêrq +Iudqfh,
hw soxv jìqìudohphqw ghv rxyudjhv gh Forxjk hw Shq}lhq ^55`/ Jìudglq hw Ul{hq ^63` hw
Lpehuw ^75`1
Frqfhuqdqw od glvfuìwlvdwlrq ghv v|vwëphv frqwlqxv sdu od pìwkrgh ghv ìoìphqwv
qlv/ oh ohfwhxu vh uìiìuhud dx{ rxyudjhv gh Edwkh ^9` hw ]lhqnlhzlf} ^:6`1
414 K|srwkëvhv
Oh frpsruwhphqw yleudwrluh frqwlqx gh qrpeuhxvhv vwuxfwxuhv uìhoohv shxw íwuh jìqìud0
ohphqw prgìolvì dx pr|hq gh v|vwëphv glvfuhwv/ dxwr0dgmrlqwv/ glvvlsdwliv hw olqìdluhv hq
whuph gh fdudfwìulvwltxhv gh udlghxu hw gh pdvvh1 Qrxv suìvhqwrqv qrv wudydx{ gdqv fh
fdguh elhq txh o*rq sxlvvh sduirlv ohxu wurxyhu xqh dssolfdwlrq vrxv ghv k|srwkëvhv soxv
odujhv qrwdpphqw gdqv ohv grpdlqhv gh o*dqdo|vh qrq0olqìdluh rx o*dqdo|vh ghv v|vwëphv
wrxuqdqwv1 Gh soxv/ rq vh sodfh gdqv o*k|srwkëvh rü ohv v|vwëphv pìfdqltxhv frqvlgìuìv
vrqw idleohphqw dpruwlv hw frqgxlvhqw ã ghv prgëohv gldjrqdolvdeohv1
Gdqv od vxlwh/ ohv ìtxdwlrqv pdwulflhoohv uhodwlyhv dx frpsruwhphqw vwuxfwxuho vrqw
rewhqxhv dsuëv ohv uìgxfwlrqv g*ruguh uhodwlyhv dx{ ìtxdwlrqv gh oldlvrqv gh w|sh flqì0
pdwltxh hw ã o*dssolfdwlrq ghv frqglwlrqv dx{ olplwhv gx v|vwëph1
<
Fkdslwuh 41 Uhodwlrqv gh edvh hq g|qdpltxh ghv vwuxfwxuhv
415 Prgëoh glvvlsdwli olqìdluh glvfuhw gx vhfrqg ruguh
41514 Grpdlqh whpsruho
Oh frpsruwhphqw g|qdpltxh g*xqh vwuxfwxuh/ vrxv o*k|srwkëvh g*xq dpruwlvvhphqw
ylvtxhx{/ shxw íwuh uhsuìvhqwì sdu xq v|vwëph pdwulflho glìuhqwlho g*ruguh  gh od
iruph =
 + E| n + E| ng+ E| ' sE| +414,
rü ohv pdwulfhv g*ìwdw gx v|vwëph ccg vrqw uhvshfwlyhphqw ohv pdwulfhv gh pdvvh/
g*dpruwlvvhphqw/ hw gh udlghxu vwuxfwxuhoohv > fhv pdwulfhv vrqw fduuìhv/ g*ruguh  /
frqvwdqwhv/ uìhoohv/ v|pìwultxhv hw gìqlhv qrq qìjdwlyhv > s E| c + E| vrqw uhvshfwlyh0
phqw ohv yhfwhxuv ghv hruwv dssoltxìv ã od vwuxfwxuh hw ghv gìsodfhphqwv vwuxfwxuhov/
h{sulpìv vxu ohv ghjuìv gh olehuwì gx v|vwëph1
Dq gh v*dudqfklu ghv sureoëphv gh frxsodjh sdu o*dpruwlvvhphqw/ oh sureoëph
+414, shxw íwuh irupxoì gdqv o*hvsdfh g*ìwdw rx hvsdfh 2 1 D o*dlgh g*xqh ìtxdwlrq
dgglwlrqqhooh gh w|sh  + E|   + E| ' f dlqvl txh g*xq fkdqjhphqw gh yduldeoh
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% E|%E| ' }E| +416,
rü ohv pdwulfhv  hw L 5 -22 vrqw v|pìwultxhv pdlv gh vljqh lqgìql1
41515 Grpdlqh iuìtxhqwlho
Hq uìjlph kduprqltxh vwdwlrqqdluh/ sdu vìsdudwlrq gh od yduldeoh whpsv hw gh od yduldeoh
g*hvsdfh/ ohv yhfwhxuv g*hqwuìh hw gh vruwlh gx v|vwëph v*h{sulphqw uhvshfwlyhphqw sdu =
s E| ' se/|c + E| ' +e/| +417,
rü s hw + vrqw uhvshfwlyhphqw ohv yhfwhxuv frpsoh{hv ghv hruwv dssoltxìv hw ghv gìsod0
fhphqwv ã xqh sxovdwlrq g*h{flwdwlrq / frqvlgìuìh/ dyhf / ' 2Zso/ so ìwdqw od iuìtxhqfh
g*h{flwdwlrq hw 2 ' 1
Rq qrwhud txh o*rq xwlolvh vrxyhqw xqh hqwuìh frpph uìiìuhqfh gh skdvh ghv hqwuìhv0
vruwlhv gx v|vwëph1 Gdqv oh fdv rü ohv frpsrvdqwhv gx yhfwhxu ghv irufhv dssoltxìhv
vrqw hq skdvh ã Z suëv/ oh yhfwhxu s ghv hruwv hvw uìho1
43
4161 Vroxwlrqv ghv v|vwëphv krprjëqhv hw sursulìwìv
Ohv uhodwlrqv +417, dssoltxìhv ã +414, qrxv grqqhqw o*ìtxdwlrq iuìtxhqwlhooh uìjlvvdqw
oh prxyhphqw vwdwlrqqdluh g*xqh vwuxfwxuh h{flwìh sdu xqh irufh kduprqltxh ã od sxo0
vdwlrq / = 
g n /  /2 +E/ ' sE/ +418,
Rq uììfulw +418, vrxv od iruph =
~ E/ +E/ ' sE/ +419,
rü ~ E/ hvw o*lpsìgdqfh rx od udlghxu g|qdpltxh gx v|vwëph ã od sxovdwlrq /1
416 Vroxwlrqv ghv v|vwëphv krprjëqhv hw sursulìwìv
41614 V|vwëph frqvhuydwli dvvrflì
Hq o*devhqfh g*dpruwlvvhphqw hw hq uìjlph oleuh kduprqltxh/ rq dvvrflh dx sureoëph
+414, oh sureoëph krprjëqh = 
g  /2 + ' f +41:,
Fh v|vwëph krprjëqh dgphw ydohxuv sursuhv uìhoohv bD ' /
2
D
/ vroxwlrqv dx{txhoohv
vrqw dvvrflìv  yhfwhxuv sursuhv uìhov +D 1 Fhv ydohxuv hw yhfwhxuv sursuhv vrqw kdel0
wxhoohphqw uhjurxsìv gdqv ohv pdwulfhv uhvshfwlyhphqw vshfwudoh gldjrqdoh \ 5 - hw
prgdoh t 5 - hw yìulhqw od uhodwlrq pdwulflhooh =
gt t \ ' f +41;,
Ohv vroxwlrqv sursuhv vdwlvirqw ohv frqglwlrqv g*ruwkrqrupdolwì vxlydqwhv =
t At ' 
t Agt ' \
+41<,
rü  5 - hvw xqh pdwulfh gldjrqdoh gìwhuplqdqw od qruph ghv yhfwhxuv sursuhv1
Hq xwlolvdqw oh v|peroh gh Nurqhfnhu/ ohv uhodwlrqv +41<, v*ìfulyhqw =
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+D ' ?DBjD
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j
g+D ' ?D/
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Gdqv od vxlwh gh o*h{srvì/ rq dgrswh xqh qrupdolvdwlrq xqlwì E ' U 1
O*h{wudfwlrq ghv vroxwlrqv sursuhv g*xq v|vwëph frqvhuydwli hvw frxudpphqw uìdolvìh
gdqv ohv frghv ìoìphqwv qlv1 Rq suìglw dlqvl ohv prghv sursuhv uìhov gh yleudwlrq gh
od vwuxfwxuh hw ohv iuìtxhqfhv sursuhv dvvrflìhv1 Od whfkqltxh xvxhooh od soxv h!fdfh
44
Fkdslwuh 41 Uhodwlrqv gh edvh hq g|qdpltxh ghv vwuxfwxuhv
g*xq srlqw gh yxh fdofxo hvw od pìwkrgh lwìudwlyh gh Odqf}rv sdu eorfv dyhf gìfdodjh
iuìtxhqwlho ^59` ^66` ^7:` shuphwwdqw g*h{wudluh ohv iruphv hw iuìtxhqfhv sursuhv gdqv
xqh edqgh gh iuìtxhqfh grqqìh1 Rq v*lqwìuhvvh jìqìudohphqw dx frpsruwhphqw edvvh
iuìtxhqfh gh od vwuxfwxuh hw vhxo oh fdofxo ghv suhplhuv prghv hvw hhfwxì1 Rq shxw íwuh
frqgxlw ã ìodujlu od ihqíwuh iuìtxhqwlhooh g*h{wudfwlrq oruvtxh o*rq yhxw glvsrvhu g*xqh
edvh gh yhfwhxuv gh uhsuìvhqwdwlrq1
41615 V|vwëph glvvlsdwli
Hq uìjlph oleuh/ oh v|vwëph krprjëqh ã +414, fruuhvsrqgdqw ã ghv vroxwlrqv +E| ' er|
hvw gìql sdu od uhodwlrq = 
r2 nrng

+ ' f +4144,
Fh sro|q÷ph ã frh!flhqwv uìhov gh ghjuì 2 hq r dgphw grqf 2 vroxwlrqv sursuhv
rDc +D 1
Gdqv o*k|srwkëvh rü o*dpruwlvvhphqw gdqv od vwuxfwxuh hvw gh qdwxuh k|sr0fulwltxh/
ohv vroxwlrqv sursuhv vrqw frpsoh{hv hw dssdudlvvhqw sdu sdluhv frqmxjxìhv1 D fkdtxh
ydohxu sursuh frpsoh{h rDc E7rD c D ' d    o fruuhvsrqg xq yhfwhxu sursuh frpsoh{h
_+Dc E_+D1
Ohv vroxwlrqv sursuhv gx sureoëph +4144, vdwlvirqw ghv frqglwlrqv g*ruwkrqrupdolwì
txh o*rq phw hq ìylghqfh hq sdvvdqw gdqv o*hvsdfh g*ìwdw +416, =
d rL o% ' f +4145,
rü %A '

+A c r+A

1
Ohv ydohxuv hw yhfwhxuv sursuhv gx sureoëph krprjëqh +4145, vrqw uhjurxsìv gdqv
ohv pdwulfhv uhvshfwlyhphqw vshfwudoh ã fdudfwëuh gldjrqdo 72 5 22 hw prgdoh
f 5 22 hw yìulhqw od uhodwlrq pdwulflhooh =
f ' Lf72 +4146,
dlqvl txh ohv frqglwlrqv g*ruwkrqrupdolwì vxlydqwhv =
fALf ' (2
fAf ' (272
+4147,
rü (2 5 22 hvw xqh pdwulfh gldjrqdoh gìwhuplqdqw od qrupdolvdwlrq ghv yhfwhxuv
sursuhv gx v|vwëph glvvlsdwli1
Hq xwlolvdqw od qrwdwlrq gh Nurqhfnhu/ ohv uhodwlrqv +4147, v*ìfulyhqw =
%A
j
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+4148,
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4171 Fruuìodwlrqv hqwuh vroxwlrqv sursuhv frpsoh{hv hw uìhoohv
Frpswh whqx ghv sduwlfxodulwìv ghv vroxwlrqv sursuhv/ hw ã o*dlgh g*xq uhjurxshphqw
dgìtxdw/ rq shxw ìfuluh =
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+4149,
rü _t 5  hvw od pdwulfh ghv prghv frpsoh{hv gx v|vwëph glvvlsdwli1
Gdqv od vxlwh gh o*h{srvì/ rq dgrswh xqh qrupdolvdwlrq xqlwì E(2 ' U2 
O*h{wudfwlrq ghv vroxwlrqv sursuhv frpsoh{hv g*xq v|vwëph glvvlsdwli hvw uìdolvìh ã
o*dlgh g*xqh whfkqltxh gh w|sh Odqf}rv1 Fh w|sh g*dqdo|vh qìfhvvlwh od prgìolvdwlrq gh
o*dpruwlvvhphqw gh od vwuxfwxuh1 Fhwwh prgìolvdwlrq hvw oh soxv vrxyhqw gìolfdwh ã hvwlphu
d sulrul1 Hq hhw/ ohv shuwhv g*ìqhujlh gdqv xqh vwuxfwxuh vh irqw gdqv ohv mrqfwlrqv
hqwuh ohv glìuhqwv ìoìphqwv gh od vwuxfwxuh hw qrxv qh glvsrvrqv sdv dfwxhoohphqw gh
prgìolvdwlrq gh fhv glvvlsdwlrqv g*ìqhujlh1 F*hvw srxutxrl ohv dpruwlvvhphqwv vrqw oh
soxv vrxyhqw lqwurgxlwv gdqv oh prgëoh vrxv iruph g*dpruwlvvhphqwv prgdx{ hvwlpìv
rx phvxuìv vxu ghv vwuxfwxuhv gh píph w|sh1
417 Fruuìodwlrqv hqwuh vroxwlrqv sursuhv frpsoh{hv
hw uìhoohv
Qrxv vxssrvrqv lfl txh od pdwulfh ghv dpruwlvvhphqwv jìqìudolvìv hvw gldjrqdoh/ f*hvw ã
gluh txh od wudqvirupdwlrq prgdoh shuphw gh gldjrqdolvhu ohv ìtxdwlrqv +414, rx +418,1
Xq dpruwlvvhphqw gh w|sh Ud|ohljk +rx dpruwlvvhphqw sursruwlrqqho,  ' kf n
kg rx soxv jìqìudohphqw lvvx ghv vìulhv gh Fdxjkh|  ' 
S
&
k& d
3go
&
yìulh
fhwwh sursulìwì1 Rq shxw ìjdohphqw frqvlgìuhu o*k|srwkëvh g*xq dpruwlvvhphqw gh w|sh
prgdo +k|srwkëvh gh Edvloh, gìql gluhfwhphqw dx pr|hq gh frh!flhqwv q
DD
+uhodwliv ã
o*dpruwlvvhphqw gx prgh D, gdqv o*ìtxdwlrq gx prxyhphqw jìqìudolvì +4166, rewhqxh
dsuëv wudqvirupdwlrq prgdoh hw yìuldqw ohv uhodwlrqv q
jD
' +A
j
+DBjD rü od pdwulfh
g*dpruwlvvhphqw ylvtxhx{  q*hvw sdv hvwlpìh d sulrul1
41714 Ydohxuv sursuhv
Vrxv fhwwh k|srwkëvh g*dpruwlvvhphqw/ hw sdu dqdorjlh dyhf o*h{suhvvlrq gh od ydohxu
sursuh g*xq v|vwëph ã xq ghjuì gh olehuwì/ od ydohxu sursuh frpsoh{h v*h{sulph sdu =
rD ' @D/D n /D
s
 @2
D
+414:,
rü /D hvw od sxovdwlrq sursuh gx prgh sursuh D gx v|vwëph frqvhuydwli dvvrflì hw @D hvw
oh frh!flhqw g*dpruwlvvhphqw uìgxlw gx prgh D +frh!flhqw gh vxuwhqvlrq 'D ' *2@D,1
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Srxu ohv vwuxfwxuhv pìfdqltxhv idleohphqw glvvlsdwlyhv +@2
D
		 ,/ rq hhfwxh xqh
dssur{lpdwlrq vxu od sduwlh lpdjlqdluh ghv ydohxuv sursuhv whooh txh =
rD  @D/D n /D +414;,
41715 Yhfwhxuv sursuhv
Lo h{lvwh xqh qrupdolvdwlrq dgìtxdwh ghv yhfwhxuv sursuhv frpsoh{hv shuphwwdqw g*ìwd0
eolu xqh fruuhvsrqgdqfh dyhf ohv prghv sursuhv uìhov lvvxv gx v|vwëph frqvhuydwli vrxv
o*k|srwkëvh g*xq dpruwlvvhphqw gldjrqdolvdeoh1 Dq g*ìwdeolu fh udssruw/ lo frqylhqw gh
gìyhorsshu ohv uhodwlrqv g*ruwkrqrupdolwì +4147, =
_t
A _t n 7 _t
A _t n _t
A _t 7 ' U +414<,
_
7t A _t n 77 _ 7t
A _t n _ 7t
A _t 7 ' f +4153,
7 _t
A _t n _t
Ag _t ' 7 +4154,
77 _ 7t
A _t n _ 7t
Ag _t ' f +4155,
Rq fkhufkh grqf ã lghqwlhu xq frh!flhqw gh qrupdolvdwlrq frqyhqdeoh _
D
shuphw0
wdqw gh vdwlvidluh o*ìjdolwì _+D
s
_
D
' +D hqwuh prghv uìhov hw prghv frpsoh{hv lvvxv
g*xqh qrupdolvdwlrq xqlwì1
Hq lpsrvdqw _+D
s
_
D
' +D gdqv ohv uhodwlrqv +4147,/ rq rewlhqw vxlwh dx sduwlwlrq0
qhphqw xqh uhodwlrq dqdorjxh ã +414<, =
q n 27 ' ( +4156,
7 hw ( ìwdqw ghv pdwulfhv gldjrqdohv/ q ' t At grlw íwuh gldjrqdoh/ fh txl
fruuhvsrqg ã o*k|srwkëvh g*dpruwlvvhphqwv sursruwlrqqhov1
Vrlw srxu oh prgh D =
q
DD
n 2rD ' _

D
+4157,
rx hqfruh/ frpswh0whqx gh o*dssur{lpdwlrq +414;, =
q
DD
 2@D/D n 2/D ' _D +4158,
Frpph =
q
DD
' 2@D/D +4159,
rq hq gìgxlw oh frh!flhqw gh qrupdolvdwlrq =
_
D
' 2/D +415:,
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4181 Fdofxo gluhfw gh od uìsrqvh irufìh g*xqh vwuxfwxuh glvvlsdwlyh
Rq ìwdeolw grqf od uhodwlrq +415;, hqwuh prgh uìho hw prgh frpsoh{h =
+D ' _+D
s
2/D +415;,
Dlqvl/ vrxv o*k|srwkëvh g*xq dpruwlvvhphqw gldjrqdolvdeoh/ oh yhfwhxu sursuh gx
v|vwëph frqvhuydwli dvvrflì hvw ìjdo ã od sduwlh uìhooh gx yhfwhxu sursuh rewhqx hq
pxowlsoldqw oh yhfwhxu sursuh gx v|vwëph glvvlsdwli sdu
s
2/D +od sduwlh lpdjlqdluh
rewhqxh sdu fhwwh wudqvirupdwlrq ìwdqw qxooh,1 Gh soxv/ rq gìgxlw gh od uhodwlrq +415;,
xqh sursulìwì lqwìuhvvdqwh ghv prghv frpsoh{hv =
_+D '
+Ds
2/D
'
+D
2
s
/D
E  +415<,
Ohv sduwlhv uìhooh hw lpdjlqdluh g*xq yhfwhxu sursuh frpsoh{h qrupdolvì vxlydqw
+4148, vrqw ìjdohv hw rssrvìhv vrxv o*k|srwkëvh g*xqh pdwulfh g*dpruwlvvhphqw jìqìud0
olvì gldjrqdoh1
Fhshqgdqw/ fhwwh k|srwkëvh hvw uduhphqw yìulìh h{sìulphqwdohphqw1 Oruvtxh ohv
iuìtxhqfhv sursuhv ghv prghv vrqw wuëv surfkhv +}rqhv ã iruwh ghqvlwì prgdoh,/ rq re0
vhuyh xq skìqrpëqh gh frxsodjh ghv prghv gx VFD sdu o*dpruwlvvhphqw lqgxlw sdu ghv
whuphv h{wud0gldjrqdx{ qrq qìjoljhdeohv gdqv od pdwulfh g*dpruwlvvhphqw jìqìudolvì q1
Ohv uhodwlrqv hqwuh vroxwlrqv sursuhv gx v|vwëph uìho hw ohv vroxwlrqv gx sureoëph frqvhu0
ydwli dvvrflì vrqw doruv soxv gìolfdwhv ã ìwdeolu1 Rq vh uìiëuhud dx{ surfìgxuhv ìwdeolhv
sdu Irowíwh ^5<` hw ]kdqj ^:5`1
418 Fdofxo gluhfw gh od uìsrqvh irufìh g*xqh vwuxf0
wxuh glvvlsdwlyh
Rq hpsorlh ohv whfkqltxhv gh fdofxo gluhfw ghv uìsrqvhv hvvhqwlhoohphqw oruvtxh od
vwuxfwxuh suìvhqwh ghv qrq0olqìdulwìv +dpruwlvvhphqw gìshqgdqw gh od iuìtxhqfh sdu
h{hpsoh,1 Hq hhw/ fh w|sh g*dqdo|vh gluhfwh/ rü o*rq lqyhuvh xqh pdwulfh gh od wdlooh gx
sureoëph ã fkdtxh lwìudwlrq rx ã fkdtxh sdv gh iuìtxhqfh/ hvw wuëv frþwhx{ g*xq srlqw
gh yxh qxpìultxh1
Hq sudwltxh/ fhv whfkqltxhv qh shxyhqw íwuh dssoltxìhv txh srxu ghv sureoëphv ã
wuëv idleoh qrpeuh gh ghjuìv gh olehuwì1
41814 Uìsrqvh whpsruhooh
Rq rewlhqw od uìsrqvh whpsruhooh g*xq v|vwëph pìfdqltxh glvvlsdwli sdu xqh pìwkrgh
g*lqwìjudwlrq gluhfwh gh w|sh Qhzpdun ^9` ^89` ^:4` gx v|vwëph pdwulflho g*ìtxdwlrqv
48
Fkdslwuh 41 Uhodwlrqv gh edvh hq g|qdpltxh ghv vwuxfwxuhv
glìuhqwlhoohv +414,1
41815 Uìsrqvh iuìtxhqwlhooh
Od uìsrqvh hq iuìtxhqfh hvw rewhqxh sdu o*lqyhuvlrq gx v|vwëph pdwulflho +419, ã fkdtxh
sxovdwlrq / =
+ E/ ' K E/ s E/ +4163,
rü K E/ ' ~3 E/ hvw od  h{lelolwì rx od vrxsohvvh g|qdpltxh gx v|vwëph1
419 Rewhqwlrq gh od uìsrqvh irufìh g*xqh vwuxfwxuh
glvvlsdwlyh sdu vxshusrvlwlrq prgdoh
Oh fdofxo ghv uìsrqvhv sdu vxshusrvlwlrq prgdoh hvw vrxyhqw suìiìuì dx{ pìwkrghv
gluhfwhv1 Oh sulqflsh frqvlvwh ã dssoltxhu xqh wudqvirupdwlrq prgdoh dx{ pdwulfhv
ccg +uhvshfwlyhphqw ohv pdwulfhv Lc, gx v|vwëph ã o*dlgh g*xqh edvh frqvwlwxìh
ghv  yhfwhxuv sursuhv frqvhuydwliv +uhvshfwlyhphqw ohv 2 yhfwhxuv sursuhv glvvlsd0
wliv,1 Hq sudwltxh/ rq xwlolvh xqh edvh wurqtxìh ã ? prghv +o*hhw gh wurqfdwxuh gh od
edvh hvw derugì gdqv oh sdudjudskh 41:, shuphwwdqw dlqvl gh uìgxluh o*ruguh gx v|vwëph
ã uìvrxguh + ghjuìv gh olehuwì lqlwldx{ ã ? ghjuìv gh olehuwì uìgxlwv,1 Gh soxv/ vl od
pdwulfh g*dpruwlvvhphqw jìqìudolvì q hvw gldjrqdoh/ ohv ìtxdwlrqv prgdohv gx prxyh0
phqw vrqw gìfrxsoìhv hw oh fdofxo gh uìsrqvh hq hvw vlpsolì1 Rq glvwlqjxh grqf ghx{
k|srwkëvhv vhorq oh fdudfwëuh gh gldjrqdolwì gh od pdwulfh g*dpruwlvvhphqw jìqìudolvì1
41914 Wudqvirupdwlrq prgdoh
Ohv dffìoìudwlrqv/ ohv ylwhvvhv hw ohv gìsodfhphqwv gx v|vwëph +414, vrqw surmhwìv vxu od
edvh wurqtxìh ghv ? yhfwhxuv sursuhv gx VFD=
+E| ' t ^E| c +E| ' t ^ E| c +E| ' t ^ E| +4164,
Hq xwlolvdqw ohv uhodwlrqv +4164, gdqv o*ìtxdwlrq +414, hw dsuëv suìpxowlsolfdwlrq sdu
t A / rq rewlhqw =
t At ^E| n t At ^ E| n t Agt ^ E| ' t As E| +4165,
Frpswh0whqx ghv uhodwlrqv gh qruph +41<, =
U ^E| n q ^ E| n \^ E| ' t As E| +4166,
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4191 Rewhqwlrq gh od uìsrqvh irufìh g*xqh vwuxfwxuh glvvlsdwlyh sdu vxshusrvlwlrq
prgdoh
41915 Dpruwlvvhphqw jìqìudolvì gldjrqdo
Vrxv fhwwh k|srwkëvh/ od uhodwlrq +4166, frqgxlw ã ? ìtxdwlrqv glìuhqwlhoohv gìfrxsoìhv
gh od iruph =
^D E| n qDD ^D E| n /
2
D
^D E| ' +
A
D
s E| +4167,
rü q
DD
' 2@D/D
Uìsrqvh whpsruhooh
Od vroxwlrq ^D E| gh o*ìtxdwlrq +4167, hq uìjlph k|srfulwltxh hvw doruv h{sulpìh sdu
o*lqwìjudoh gh Gxkdpho ^(
D
E| ã odtxhooh rq dgmrlqw xqh vroxwlrq ^U
D
E| gìshqgdqw ghv
frqglwlrqv lqlwldohv =
^(
D
E| '

/W
D
]
|
J
t? E/W
D
E|  e3@D/DE|3+A
D
s E _ +4168,
^U
D
E| '

^DEf ULt E/
W
D
| n

^D Ef n ^D Ef @D/D
/W
D

t? E/W
D
|

e3@D/D| +4169,
rü /W
D
' /D
s
 @2
D
/ ^DEf ' +
A
D
+Ef/ ^D Ef ' +
A
D


+ Ef1
Rq uhfrqvwlwxh od uìsrqvh whpsruhooh ã o*dlgh gh o*h{suhvvlrq =
+ E| '
?[
D'
^D E| +D +416:,
rü ^D E| ' ^
U
D
E| n ^(
D
E|1
Uìsrqvh iuìtxhqwlhooh
D sduwlu ghv ìtxdwlrqv +417,/ +4164, hw +4167,/ rq irupxoh od uìsrqvh irufìh kduprqltxh
gx v|vwëph vrxv od iruph g*xqh vrpph gh ? iudfwlrqv udwlrqqhoohv =
+ E/ '
?[
D'
+D+
A
D
s E/
/2
D
 /2 n /q
DD
+416;,
vrlw uhjurxsìhv pdwulflhoohphqw =
+ E/ ' t E\ n /q  /2U3t As E/ +416<,
41916 Dpruwlvvhphqw jìqìudolvì qrq gldjrqdo
Ohv ìtxdwlrqv gx prxyhphqw jìqìudolvì +4166, lvvxhv gh od wudqvirupdwlrq prgdoh uhv0
whqw lfl frxsoìhv sdu od pdwulfh g*dpruwlvvhphqw jìqìudolvì1 Rq shxw vrlw hqylvdjhu
4:
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xq fdofxo gluhfw ghv uìsrqvhv/ oh v|vwëph +4166, ìwdqw uìgxlw ã txhotxhv ghjuìv gh ol0
ehuwì/ vrlw dgrswhu xqh wudqvirupdwlrq prgdoh gdqv o*hvsdfh g*ìwdw1 Rq xwlolvh doruv
od pdwulfh prgdoh f gx v|vwëph glvvlsdwli wurqtxìh ã 2? prghv frpph pdwulfh gh
wudqvirupdwlrq/ ohv yhfwhxuv sursuhv ìwdqw qrupìv ã o*xqlwì (2? ' U2?1
Od surmhfwlrq ghv yhfwhxuv g*ìwdw vxu od edvh prgdoh hvw gìqlh sdu od uhodwlrq =

% E| ' f

S E| c %E| ' fS E| +4173,
O*ìtxdwlrq gx prxyhphqw +416, gdqv o*hvsdfh g*ìwdw ghylhqw frpswh0whqx gh od
wudqvirupdwlrq prgdoh hw gh od qruph hpsor|ìh =
U2?

S E| 72?S E| ' fA}E| +4174,
Od wudqvirupdwlrq prgdoh hhfwxìh gdqv o*hvsdfh g*ìwdw shuphw gh gìfrxsohu ohv
ìtxdwlrqv gx prxyhphqw1 Rq rewlhqw dlqvl 2? ìtxdwlrqv glìuhqwlhoohv g*ruguh  =

SD E| rDSD E| ' %AD }E| +4175,
Uìsrqvh whpsruhooh
Od vroxwlrq SD E| gh o*ìtxdwlrq +4175, hvw gh od iruph =
SDE| ' e
rD |SDEf n
]
|
J
erDE|3%A
D
}E_ +4176,
rü SDEf ' %
A
D
L%Ef1
Od uìsrqvh whpsruhooh %E| gdqv o*hvsdfh g*ìwdw hvw uhfrqvwlwxìh vxu od edvh prgdoh
wurqtxìh gx v|vwëph glvvlsdwli =
%E| '
2?[
D'
SD E|%D +4177,
Uìsrqvh iuìtxhqwlhooh
Gdqv o*hvsdfh g*ìwdw/ od uìsrqvh irufìh gh od vwuxfwxuh gxh ã xqh irufh kduprqltxh hvw
h{sulpìh vrxv iruph gh iudfwlrqv udwlrqqhoohv sdu o*ìtxdwlrq +4178, =
+ E/ '
?[
D'
_+D _+
A
D
s E/
r rD n
?[
D'
_+D _+
A
D
s E/
r rD +4178,
rü r ' //
vrlw vrxv iruph pdwulflhooh =
+ E/ ' _t ErU?  73 _t As E/ n _t ErU?  73 _t As E/ +4179,
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41:1 Wurqfdwxuh prgdoh hw fruuhfwlrq vwdwltxh
Oh sulqflsh gh vxshusrvlwlrq prgdoh hvw fodluhphqw looxvwuì gdqv ohv irupxodwlrqv
+416;, +uhvshfwlyhphqw +4178,, rü od uìsrqvh irufìh hvw ìjdoh ã od vrpph ghv frqwulex0
wlrqv ghv prghv sursuhv gx v|vwëph frqvhuydwli +uhvshfwlyhphqw glvvlsdwli,1
Od uìsrqvh irufìh hq xq srlqw g*xqh vwuxfwxuh dx yrlvlqdjh g*xqh iuìtxhqfh sursuh
gìshqg gh soxvlhxuv idfwhxuv = xq idfwhxu gh iruph sursuh gx prgh dx srlqw frqvlgìuì/
xq idfwhxu gh sduwlflsdwlrq ã od uìsrqvh ghv glìuhqwv prghv/ fdudfwìulvì sdu oh surgxlw
vfdodluh +A
D
s +uhvshfwlyhphqw _+
A
D
s hw _+
A
D
s,/ srqgìuìv sdu /2
D
 /2 n /q
DD
+uhvshfwl0
yhphqw r rD hw r rD,1
41: Wurqfdwxuh prgdoh hw fruuhfwlrq vwdwltxh
41:14 Skìqrpëqh gh wurqfdwxuh prgdoh
Oh fdofxo gh o*lqwìjudolwì ghv prghv sursuhv q*hvw sdv hqylvdjhdeoh vxu ghv prgëohv
ìoìphqwv qlv gh w|sh lqgxvwulho1 Gdqv oh fdguh g*xqh dqdo|vh g|qdpltxh fodvvltxh
edvvh iuìtxhqfh/ rq vh frqwhqwh g*h{wudluh txhotxhv gl}dlqhv gh prghv +ohv suhplhuv
prghv gx vshfwuh,/ frqvwlwxdqw dlqvl xqh edvh prgdoh wurqtxìh1
O*dssolfdwlrq gx sulqflsh gh vxshusrvlwlrq prgdoh ã o*dlgh gh fhwwh edvh lqfrpsoëwh
lqgxlw xqh huuhxu gxh ã od wurqfdwxuh gh od edvh/ txl dhfwh od txdolwì ghv uìsrqvhv
fdofxoìhv sulqflsdohphqw hq wuëv edvvh iuìtxhqfh hw dx{ dqwluìvrqdqfhv1 Hq hhw/ od
frqwulexwlrq ghv prghv gh udqj ìohyì qrq fdofxoìv q*hvw sdv sulvh hq frpswh gdqv od
uìsrqvh irufìh gx v|vwëph1
Gdqv od vxlwh gh o*h{srvì/ rq gìqlw xqh sduwlwlrq gh od pdwulfh prgdoh gx v|vwëph
frqvhuydwli hqwuh R prghv fdofxoìv hw R2 '   R prghv qrq fdofxoìv +uhvshfwlyh0
phqw hqwuh prghv edvvhv hw kdxwhv iuìtxhqfhv, uhjurxsìv gdqv ohv vrxv0edvhv prgdohv
frpsoìphqwdluhv fruuhvsrqgdqwhv t hw t2 =
t '
k
t t2
l
+417:,
hw xqh sduwlwlrq gh od pdwulfh vshfwudoh dvvrflìh =
\ '
%
\ f
f \2
&
+417;,
Dq gh olplwhu o*lpsdfw gh od wurqfdwxuh vxu ohv uìsrqvhv suìglwhv/ rq shxw ìodujlu
od edvh prgdoh fdofxoìh t frpswh0whqx g*xqh edqgh g*dqdo|vh gìvluìh = hq jìqìudo/ rq
xwlolvh ohv prghv frpsulv gdqv xqh edqgh iuìtxhqwlhooh doodqw gh c D ã  irlv od iuìtxhqfh
pd{lpdoh txh o*rq yhxw ìwxglhu1
4<
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41:15 Surfìgxuh gh fruuhfwlrq vwdwltxh
Lo hvw soxv mxglflhx{ g*dssoltxhu xqh surfìgxuh gh fruuhfwlrq vwdwltxh ^6:` ^86` dq
gh plqlplvhu o*huuhxu gh wurqfdwxuh1 Hooh frqvlvwh ã dssurfkhu gdqv od uìsrqvh irufìh
od frqwulexwlrq ghv prghv qrq sulv hq frpswh gdqv od edvh gh surmhfwlrq sdu ohxuv
frqwulexwlrqv vwdwltxhv1 Rq qìjoljh dlqvl gdqv od uìsrqvh irufìh ohv irufhv g*lqhuwlh
dvvrflìhv dx{ prghv gh udqj ìohyì ghydqw ohv irufhv ìodvwltxhv1
Rq h{solflwh od surfìgxuh gdqv oh fdv g*xqh uìsrqvh ã xqh vroolflwdwlrq kduprqltxh1
Frpswh0whqx gh od sduwlwlrq gìqlh hq +417:, hw +417;,/ o*h{suhvvlrq gh od uìsrqvh irufìh
+416<, ghylhqw =
+E/ ' tE\ n /q  /2U3t A s E/ n t2E\2 n /q2  /2U23t A2 s E/ +417<,
Hq qìjoljhdqw ohv whuphv g|qdpltxhv dvvrflìv dx{ prghv qrq fdofxoìv/ rq rewlhqw =
+E/ * t^E/ n t2\32 t A2 s E/ +4183,
rü ^E/ ' E\ n /q  /2U3t A s E/1
Od txdqwlwì pdwulflhooh t2\
3
2
t A
2
hvw dsshoìh  h{lelolwì vwdwltxh uìvlgxhooh1 Rq od
qrpph ìjdohphqw pdwulfh ghv uìvlgxv -1 Rq o*rewlhqw hq fdofxodqw od  h{lelolwì vwdwltxh
7 gx v|vwëph =
7 ' g3 ' t \3t A +4184,
sxlv hq vrxvwud|dqw od sduwlh vwdwltxh uhodwlyh dx{ R prghv uhwhqxv gdqv od edvh t =
- ' t2\
3
2
t A
2
' g3  t\3 t A +4185,
Vhxohv ohv frorqqhv xwlohv gh  h{lelolwì +hw  h{lelolwì uìvlgxhooh, fruuhvsrqgdqw dx{
srlqwv g*hqwuìhv +ghjuìv gh olehuwì g*h{flwdwlrq, vrqw fdofxoìhv1
Gdqv oh fdv gh vwuxfwxuh ã srvlwlrq g*ìtxloleuh lqglìuhqwh/ od pdwulfh gh udlghxu
g suìvhqwh xq gìidxw gh ydohxu ìjdoh dx qrpeuh gh prghv gh frusv uljlgh hw q*hvw sdv
lqyhuvleoh > od pdwulfh gh  h{lelolwì q*h{lvwh grqf sdv1 Rq dssoltxh doruv xqh surfì0
gxuh sduwlfxolëuh frqvlvwdqw ã gìqlu xqh svhxgr0 h{lelolwì +rx  h{lelolwì owuìh, yld xq
owudjh gx prxyhphqw gh frusv uljlgh1 Fhwwh rsìudwlrq hvw gìfulwh hq gìwdlo gdqv oh
sdudjudskh 519151 Gdqv od vxlwh gh o*h{srvì/ rq qrwh lqglìuhpphqw 7 od  h{lelolwì hw
svhxgr0 h{lelolwì/ hw - od  h{lelolwì uìvlgxhooh hw od svhxgr0 h{lelolwì uìvlgxhooh1
Rq udsshooh txh ohv yhfwhxuv uìvlgxhov gh od edvh - vrqw g hw  ruwkrjrqdx{
ylv0ã0ylv ghv prghv oleuhv gh od edvh wurqtxìh t =
-gt ' t2\
3
2
t A
2
gt ' f
-t ' t2\
3
2
t A
2
t ' f
+4186,
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41:1 Wurqfdwxuh prgdoh hw fruuhfwlrq vwdwltxh
O*h{suhvvlrq gh od uìsrqvh irufìh kduprqltxh +4183, ghylhqw =
+E/ * t^E/ n-s E/ +4187,
Fhwwh surfìgxuh gh fruuhfwlrq vwdwltxh v*dssoltxh ìjdohphqw dx grpdlqh whpsruho1
Od uìsrqvh whpsruhooh +416:, rewhqxh sdu vxshusrvlwlrq prgdoh vxu xqh edvh wurqtxìh
ghv R suhplhuv prghv ghylhqw =
+ E| *
R[
D'
^D E| +D n-sE| +4188,
O*xvdjh gh od fruuhfwlrq vwdwltxh jdudqwlw xqh suìglfwlrq h{dfwh gh od sduwlh vwdwltxh
ghv uìsrqvhv1 Fhwwh surfìgxuh uìsrqg h!fdfhphqw dx sureoëph gh wurqfdwxuh1 Oh frþw
gh fdofxo ghv uìvlgxv vwdwltxhv ìwdqw olplwì/ rq sulyloìjlh o*hpsorl gh od fruuhfwlrq vwd0
wltxh ã o*xvdjh g*xqh edvh prgdoh ìwhqgxh1
41:16 Looxvwudwlrqv
Qrxv suìvhqwrqv Iljxuh 414 xqh irqfwlrq gh uìsrqvh iuìtxhqwlhooh g*xqh vwuxfwxuh oleuh
gdqv xqh edqgh g*dqdo|vh df .fo K} frpsuhqdqw D prghv gìirupdeohv1 Rq uhsuìvhqwh
ìjdohphqw ohv glyhuvhv frqwulexwlrqv prgdohv hq gìsodfhphqw dlqvl tx*xqh uìsrqvh vwd0
wltxh uìvlgxhooh +dvvrflìh ã od vrxv0edvh frqvwlwxìh ghv D suhplhuv prghv gìirupdeohv,1
Od uìsrqvh gh uìiìuhqfh hvw fdofxoìh gluhfwhphqw1 Rq d fkrlvl xq dpruwlvvhphqw
gh w|sh prgdo  ' t

q

t A

 frqvwuxlw ã o*dlgh g*xqh vrxv0edvh t

/ hooh0píph
frqvwlwxìh gh 48 prghv gìirupdeohv grwìv g*xq dpruwlvvhphqw uìgxlw frppxq gh I1
Dq gh phwwuh hq ìylghqfh oh qlyhdx ghv huuhxuv gh wurqfdwxuh prgdoh/ rq suìvhqwh
Iljxuh 415 ohv huuhxuv devroxhv hq dpsolwxgh gh gìsodfhphqw gh soxvlhxuv suìglfwlrqv
gh od píph uìsrqvh irufìh kduprqltxh =
 vxshusrvlwlrq prgdoh vxu ohv  prghv gh od edqgh g*dqdo|vh +grqw S prghv gh
frusv uljlgh,/
 vxshusrvlwlrq prgdoh vxu ohv  prghv gh od edqgh g*dqdo|vh +grqw S prghv gh
frusv uljlgh,/ hqulfklh gh od uìsrqvh vwdwltxh uìvlgxhooh/
 vxshusrvlwlrq prgdoh vxu xqh edvh ìwhqgxh df 22fo K} fruuhvsrqgdqw ã  irlv
od iuìtxhqfh xwloh +Ix, hw frpsuhqdqw S prghv gh frusv uljlgh hw 2 prghv gìiru0
pdeohv1
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Fkdslwuh 41 Uhodwlrqv gh edvh hq g|qdpltxh ghv vwuxfwxuhv
Rq revhuyh o*hhw ghv wurqfdwxuhv hvvhqwlhoohphqw dx qlyhdx ghv dqwluìvrqqdqfhv
gh od uìsrqvh1 Vhxoh o*lqwurgxfwlrq gx whuph vwdwltxh uìvlgxho jdudqwlw xqh suìglfwlrq
dffhswdeoh gh od uìsrqvh gdqv od edqgh g*dqdo|vh gìvluìh gh df .fo K}1
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41:1 Wurqfdwxuh prgdoh hw fruuhfwlrq vwdwltxh
Rep. forcee de reference                    
Contr. des modes rigides                  
Contr. des modes 1 et 2                    
Contr. du mode 3                            
Contr. des modes 4 et 5                    
Contr. modes 6 a 17                   
Res. stat. (modes > 5)                
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Iljxuh 414 = Ylvxdolvdwlrq ghv glìuhqwhv frqwulexwlrqv prgdohv gdqv xqh uìsrqvh
iuìtxhqwlhooh
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Fkdslwuh 41 Uhodwlrqv gh edvh hq g|qdpltxh ghv vwuxfwxuhv
Rep. forcee de reference                                         
Err. abs. 6 modes R. +  5 modes Def.                             
Err. abs. 6 modes R. + 12 modes Def.    (3Fu)                 
Err. abs. 6 modes R. +  5 modes Def. + Residu                
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Iljxuh 415 = Uìsrqvh iuìtxhqwlhooh gh uìiìuhqfh hw huuhxuv devroxhv vxu ohv suìglfwlrqv
rewhqxhv sdu vxshusrvlwlrq prgdoh
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Fkdslwuh 5
Uìgxfwlrq ghv prgëohv ìoìphqwv
qlv
Qrxv derugrqv lfl ohv qrwlrqv gh edvh frppxqhv dx{ whfkqltxhv frxudqwhv gh uìgxf0
wlrq ghv prgëohv ìoìphqwv qlv1 Dsuëv dyrlu ìyrtxì ohv grpdlqhv g*dssolfdwlrqv/ qrxv
gìqlvvrqv/ gdqv xq vrxfl gh foduwì gh o*h{srvì/ ohv hqvhpeohv gh ghjuìv gh olehuwì qì0
fhvvdluhv ã od irupxodwlrq ghv pìwkrghv gh uìgxfwlrq1 Qrxv dyrqv fkrlvl gh suìvhqwhu ohv
sulqflshv gh frqghqvdwlrq sxuh hw gh v|qwkëvh prgdoh gdqv fh píph fkdslwuh1 Hq hhw/
od frqghqvdwlrq gluhfwh hvw xq fdv sduwlfxolhu gh v|qwkëvh prgdoh ã xqh vrxv0vwuxfwxuh1
Gh píph/ vl o*rq vh sodfh dx qlyhdx gh od frqghqvdwlrq g*xqh vrxv0vwuxfwxuh/ rq shxw
frqvlgìuhu ohv frqwudlqwhv lpsrvìhv dx{ mrqfwlrqv frpph dxwdqw gh vroolflwdwlrqv h{0
whuqhv ã od vrxv0vwuxfwxuh +dqdorjxhv ã ghv srlqwv g*h{flwdwlrq,1
Qrxv whuplqhurqv fh fkdslwuh sdu xqh ghvfulswlrq qrq h{kdxvwlyh ghv glìuhqwv
yhfwhxuv xwlolvìv gdqv ohv edvhv gh uìgxfwlrq1
Ohv frqfhswv hw ohv pìwkrghv gh uìgxfwlrq ghv prgëohv/ suìvhqwìv gdqv fh fkdslwuh
hw ohv fkdslwuhv vxlydqwv/ vrqw irupxoìv gdqv oh grpdlqh iuìtxhqwlho1
514 Grpdlqhv g*dssolfdwlrq
Ohv whfkqltxhv gh uìgxfwlrq ghv prgëohv ìoìphqwv qlv vrqw dssoltxìhv gdqv glyhuv
w|shv g*dqdo|vh ghv vwuxfwxuhv1 Hoohv vrqw frpsdwleohv dyhf txdvlphqw o*lqwìjudolwì ghv
fdofxov gh frpsruwhphqw hq vwdwltxh hw g|qdpltxh olqìdluh1 Gh soxv/ rq ohv xwlolvh
ìjdohphqw gdqv o*dqdo|vh gh fhuwdlqv sureoëphv qrq0olqìdluhv hw ghv sureoëphv frxsoìv
pxowl0grpdlqhv +frxsodjh  xlghv0vwuxfwxuhv,1 Hqq/ ohv whfkqltxhv g*rswlplvdwlrq rx
gh uhfdodjh gh prgëoh irqw dssho ã od uìgxfwlrq ghv prgëohv dq gh uìsrqguh dx{
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Fkdslwuh 51 Uìgxfwlrq ghv prgëohv ìoìphqwv qlv
ehvrlqv gh uìdqdo|vh dssurfkìh hw2rx g*dgdswdwlrq fdofxov2phvxuhv1
51414 Dqdo|vhv vwdwltxhv hw g|qdpltxhv olqìdluhv
Qrxv uhfhqvrqv ohv glyhuv w|shv g*dqdo|vh olqìdluh uìdolvdeohv dyhf o*hpsorl gh surfìgxuhv
gh frqghqvdwlrq rx gh v|qwkëvh prgdoh =
 uìsrqvh vwdwltxh
  dpedjh
 h{wudfwlrq ghv prghv uìhov/ frpsoh{hv
 uìsrqvh iuìtxhqwlhooh sdu fdofxo gluhfw/ sdu vxshusrvlwlrq prgdoh
 uìsrqvh whpsruhooh sdu fdofxo gluhfw/ sdu vxshusrvlwlrq prgdoh
51415 Dqdo|vhv qrq0olqìdluhv
Lo hvw srvvleoh g*xwlolvhu ohv prgëohv uìgxlwv gdqv oh fdguh gh o*dqdo|vh gh vwuxfwxuhv
ã frpsruwhphqw qrq0olqìdluh1 Sdu h{hpsoh/ ohv suìglfwlrqv gh uìsrqvhv ghv v|vwëphv
rü od udlghxu/ o*dpruwlvvhphqw rx ohv fkdujhphqwv dssoltxìv ã od vwuxfwxuh ydulhqw hq
irqfwlrq gx whpsv rx gh od iuìtxhqfh/ qìfhvvlwhqw ghv fdofxov gluhfwv grqw oh frþw hvw
vrxyhqw surklelwli > uìdolvìv ã o*dlgh ghv pdwulfhv uìgxlwhv/ fhv fdofxov ghylhqqhqw wrxw
ã idlw hqylvdjhdeohv ^5` ^<`1
Dlqvl/ od v|qwkëvh prgdoh dxwrulvh o*dqdo|vh g|qdpltxh gh vwuxfwxuhv frpsoh{hv rü
vhxohv fhuwdlqhv vrxv0vwuxfwxuhv rqw xq frpsruwhphqw qrq0olqìdluh = ohv vrxv0vwuxfwxuhv
ã frpsruwhphqw olqìdluh vrqw frqghqvìhv sxlv dvvhpeoìhv dx uhvwh gh od vwuxfwxuh dydqw
o*dqdo|vh qrq0olqìdluh1
51416 Dqdo|vh ghv sureoëphv frxsoìv
Rq hpsorlh ìjdohphqw ohv pìwkrghv gh v|qwkëvh prgdoh gdqv o*dqdo|vh ghv sureoëphv
frxsoìv gh w|sh yleur0dfrxvwltxh/ dìur0ìodvwltxh rx soxv jìqìudohphqw g*lqwhudfwlrqv
 xlghv0vwuxfwxuhv1 Kruplv ohv uìsrqvhv vwdwltxhv hw ohv prghv qrupdx{ gh od vwuxfwxuh/
ohv edvhv gh surmhfwlrq shuphwwdqw gh uìgxluh fhv v|vwëphv frxsoìv irqw dssho dx{
prghv dfrxvwltxhv hw dx{ prghv gh edoorwwhphqw1 Oh ohfwhxu vh uìiìuhud dx{ rxyudjhv
gh Prudqg hw Rkd|rq ^88` hw Rkd|rq hw Vrl}h ^8<`1 G*dxwuhv w|shv g*dqdo|vh frxsoìh
shxyhqw íwuh derugìv dyhf ghv pìwkrghv gh uìgxfwlrq vlplodluhv/ ã vdyrlu ohv frxsodjhv
gh qdwxuh vwuxfwxuh2ìohfwurpdjqìwlvph +vwuxfwxuhv dfwlyhv, hw vwuxfwxuh2wkhupltxh1
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5141 Grpdlqhv g*dssolfdwlrq
51417 Sureoëphv g*rswlplvdwlrq hw gh uhfdodjh gh prgëoh
Uìdqdo|vh
Od uìgxfwlrq gh prgëoh v*lqvfulw qdwxuhoohphqw gdqv ohv vwudwìjlhv g*rswlplvdwlrq gh
frpsruwhphqwv vwdwltxh hw g|qdpltxh gh vwuxfwxuhv frpsoh{hv pdlooìhv qhphqw = hq
hhw/ xq prgëoh frqghqvì rx vrxv0vwuxfwxuì shuphw ghv uìdqdo|vhv udslghv hw ìfrqr0
pltxhv/ dssurfkìhv rx txdvl0h{dfwhv gx v|vwëph prglì joredohphqw rx orfdohphqw1
Oruv gh surfìgxuhv gh uhfdodjh ã sduwlu gh prgëoh uìgxlw/ rq revhuyh ohv píphv
idflolwìv gh uìdqdo|vh dx frxuv ghv lwìudwlrqv gx surfhvvxv1 Gdqv oh fdguh gh fhwwh uìd0
qdo|vh dssurfkìh hhfwxìh ã o*dlgh gx prgëoh uìgxlw hw ghv edvhv gh uìgxfwlrq lqlwldohv/
od urexvwhvvh gh fhv edvhv ylv0ã0ylv ghv prglfdwlrqv sdudpìwultxhv hvw sulprugldoh hw
frqglwlrqqh od suìflvlrq gx fdofxo1
Fhwwh qrwlrq gh urexvwhvvh hvw derugìh gdqv oh fkdslwuh 71
Dgdswdwlrq
Od uìgxfwlrq shuphw ìjdohphqw o*dgdswdwlrq ghv grqqìhv gx prgëoh dx{ grqqìhv ph0
vxuìhv vxu od vwuxfwxuh1 Ohv whfkqltxhv g*dgdswdwlrq dxwrulvhqw o*hpsorl gh surfìgxuhv
gh fruuhfwlrqv sdudpìwultxhv/ edvìhv vxu od uìgxfwlrq ^9:` rx o*h{sdqvlrq ^73`/ txdvl0
olqìdluhv sdu udssruw dx{ sdudpëwuhv +dx{ huuhxuv g*dgdswdwlrq suëv,1
O*dgdswdwlrq uìdolvìh sdu uìgxfwlrq ghv gìsodfhphqwv lvvxv gx prgëoh +?|@,J_
'
AJ_ +
oe_|
J_ suìvhqwh ghv sursulìwìv frppxqhv dx{ whfkqltxhv g*h{sdqvlrq gh grqqìhv
revhuyìhv +e%R@?re7|o
' AJ_ +JKreoe7|o ^97` = od wudqvirupdwlrq xwlolvìh srxu o*dgdswdwlrq hvw
xqh wudqvirupdwlrq hq frrugrqqìhv sk|vltxhv/ gìqlh ã sduwlu gx prgëoh/ ã o*dlgh gh
uìsrqvhv vwdwltxhv hw2rx gh prghv qrupdx{ +fi sdudjudskh 51617 hw fkdslwuh 6,1
51418 Dqdo|vh gh vwuxfwxuhv frpsoh{hv
Od v|qwkëvh prgdoh uìsrqg h!fdfhphqw dx{ sureoëphv olìv ã od frqfhswlrq hw ã o*dqd0
o|vh gh vwuxfwxuhv lqgxvwulhoohv frpsoh{hv/ qrwdpphqw gdqv o*rujdqlvdwlrq gh judqgv
surmhwv rü soxvlhxuv sduwhqdluhv vrqw uhvsrqvdeohv gh od uìdolvdwlrq g*xq vrxv0hqvhpeoh
frqvwlwxdqw1 Xqh dssurfkh sdu vrxv0vwuxfwxuhv shuphw hq hhw/ gh sdu vd qdwxuh prgx0
odluh/ gh olplwhu o*lpsdfw g*xqh prglfdwlrq g*xq ìtxlshphqw vxu o*dqdo|vh gx v|vwëph
joredo prglì/ uìgxlvdqw dlqvl ohv frþwv gh fdofxo gh idêrq gudvwltxh1
5:
Fkdslwuh 51 Uìgxfwlrq ghv prgëohv ìoìphqwv qlv
515 Gìqlwlrq g*hqvhpeohv gh ghjuì gh olehuwì
Dq gh fodulhu od suìvhqwdwlrq ghv pìwkrghv/ qrxv gìqlvvrqv lfl ohv sduwlwlrqv gh o*hq0
vhpeoh ghv ghjuìv gh olehuwì1 Fhv sduwlwlrqv shuphwwhqw gh suìvhqwhu ohv irupxodwlrqv gh
pdqlëuh frkìuhqwh hw txdolhqw ohv gìfrxsdjhv yhfwrulhov hw pdwulflhov fruuhvsrqgdqwv1
Qrxv frqvlgìurqv xqh vwuxfwxuh ã  ghjuìv gh olehuwì dfwliv = od uìgxfwlrq g*ruguh
dvvrflìh dx{ frqwudlqwhv flqìpdwltxhv gh oldlvrq hqwuh ghjuìv gh olehuwì hw dx{ frqglwlrqv
dx{ olplwhv hq gìsodfhphqw d ìwì hhfwxìh1
Ohv glyhuv vrxv0hqvhpeohv qrq0h{foxvliv gh o*hqvhpeoh ? ghv  ghjuìv gh olehuwì
dfwliv vrqw qrwìv =
  = g1g1o1 gh mrqfwlrq gh od vwuxfwxuh
O*hqvhpeoh  ghv ghjuìv gh olehuwì gh mrqfwlrq hvw ylgh gdqv xqh surfìgxuh gh
frqghqvdwlrq sxuh hw q*d g*h{lvwhqfh txh gdqv oh fdv g*xqh v|qwkëvh gh vrxv0
vwuxfwxuhv1
  = g1g1o1 lqwhuqhv ã od vwuxfwxuh
O*hqvhpeoh  hvw frpsoìphqwdluh ã o*hqvhpeoh  vxu o*hqvhpeoh ? +  ' ?,1
 e = g1g1o1 irufhv h{whuqhv +e  ,
Fhw hqvhpeoh uhjurxsh ohv ghjuìv gh olehuwì lqwhuqhv srwhqwlhoohphqw vroolflwdeohv
dx gurlw ghvtxhov xqh sulvh hq frpswh vwdwltxh ghv fkdujhphqwv hvw dvvxuìh yld
ghv uìsrqvhv vwdwltxhv1
 S = g1g1o1 frpsoìphqwdluhv +S  ,
O*hqvhpeoh S hvw frpsoìphqwdluh ã o*hqvhpeoh e vxu o*hqvhpeoh  +S e ' ,1
 6 = g1g1o1 pdñwuhv +6  S,
O*hqvhpeoh 6 gìqlw ohv ghjuìv gh olehuwì pdñwuhv xwlolvìv oruv gh wudqvirupdwlrqv
gh frrugrqqìhv jìqìudolvìhv hq frrugrqqìhv sk|vltxhv1
 r = g1g1o1 hvfodyhv +r  S,
O*hqvhpeoh r hvw frpsoìphqwdluh ã o*hqvhpeoh 6 vxu o*hqvhpeoh S +r6 ' S,1
 s = g1g1o1 irufhv +s  ?,
O*hqvhpeoh s uhjurxsh ohv ghjuìv gh olehuwì gh mrqfwlrq  hw ohv ghjuìv gh olehuwì
gh fkdujhphqw e lqwhuqhv ã od vwuxfwxuh +s '   e,1
 o = g1g1o1 gh frusv uljlgh
O*hqvhpeoh o uhjurxsh ohv ghjuìv gh olehuwì shuphwwdqw gh uhqguh lvrvwdwltxh xqh
vwuxfwxuh suìvhqwdqw ghv prghv gh frusv uljlgh1
5;
5161 Frqghqvdwlrq
 _ = g1g1o1 frusv gìirupdeoh
O*hqvhpeoh _ hvw frpsoìphqwdluh ã o*hqvhpeoh o vxu o*hqvhpeoh ? +_ o ' ?,1
Rq ylvxdolvh od sduwlwlrq ghv ghjuìv gh olehuwì Iljxuh 5141
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Iljxuh 514 = Sduwlwlrq ghv ghjuìv gh olehuwì
Ohv hqvhpeohv s / 6/ r vrqw frpsoìphqwdluhv +? ' s 6 r,1
516 Frqghqvdwlrq
Oh sulqflsh gh frqghqvdwlrq frqvlvwh ã uhsuìvhqwhu fruuhfwhphqw ohv frpsruwhphqwv vwd0
wltxhv hw g|qdpltxhv g*xq prgëoh lqlwldo ã sduwlu g*xq prgëoh h{sulpì vxu xq qrpeuh
uìgxlw gh ghjuìv gh olehuwì1 Srxu fhod/ lo frqylhqw g*ìwdeolu xqh edvh gh yhfwhxuv gh Ulw}
sxlv g*rsìuhu ã o*dlgh gh fhwwh edvh lqfrpsoëwh od uìgxfwlrq ghv pdwulfhv g*ìwdw sdu xqh
uhodwlrq gh wudqvirupdwlrq frqjuxhqwh1 O*dqdo|vh gìvluìh hvw hhfwxìh ã o*dlgh ghv
pdwulfhv uìgxlwhv hw od vroxwlrq gx v|vwëph lqlwldo hvw rewhqxh dsuëv uhfrqvwlwxwlrq gh
od vroxwlrq uìgxlwh vxu od edvh gh frqghqvdwlrq +looxvwudwlrq Iljxuh 515,1 Rq wudlwh/ gdqv
fh sdudjudskh/ lqglìuhpphqw gh od frqghqvdwlrq g*xq prgëoh rx g*xqh vrxv0vwuxfwxuh
gdqv oh fdguh g*xqh v|qwkëvh prgdoh1
5<
Fkdslwuh 51 Uìgxfwlrq ghv prgëohv ìoìphqwv qlv
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Iljxuh 515 = Dqdo|vh g|qdpltxh sdu frqghqvdwlrq
51614 Surmhfwlrq ghv gìsodfhphqwv vwuxfwxuhov vxu xqh edvh gh
Ulw} W
Rq gìqlw xqh pdwulfh gh wudqvirupdwlrq vlqjxolëuh A hqwuh oh yhfwhxu + ghv gìsodfh0
phqwv gx prgëoh lqlwldo hw oh yhfwhxu ^ ghv frrugrqqìhv ^ gx prgëoh uìgxlw =
+
E
' A
E^
^
E^
'
^[
'
A^ +514,
Od pdwulfh gh wudqvirupdwlrq A 5 -^ +rü ^  , hvw xqh vrxv0edvh gh surmhfwlrq
gh udqj ^1 Ohv yhfwhxuv gh Ulw} A vrqw iuìtxhpphqw ghv yhfwhxuv gh uìsrqvh vwdwltxh ã
xq gìsodfhphqw rx xqh irufh lpsrvìh hw ghv yhfwhxuv sursuhv lvvxv g*xq sureoëph dx{
ydohxuv sursuhv uhodwli dx prgëoh dhfwì g*ìyhqwxhoohv prglfdwlrqv vwuxfwxudohv1
Ohv frpsrvdqwhv ^ gx yhfwhxu ^ shxyhqw íwuh ghv ghjuìv gh olehuwì sk|vltxhv rx
jìqìudolvìhv1
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51615 Uìgxfwlrq g*ruguh sdu wudqvirupdwlrq frqjuxhqwh
Od uìgxfwlrq g*ruguh gx v|vwëph +418, hvw rewhqxh ã o*dlgh gh od uhodwlrq +514, hw g*xqh
suì0pxowlsolfdwlrq sdu od wudqvsrvìh gh od pdwulfh gh wudqvirupdwlrq A =
AA

g n /  /2A^E/ ' AAsE/ +515,
O*ìtxdwlrq g*ìtxloleuh gx v|vwëph frqghqvì +515, v*ìfulw vrxv od iruph =
g n /  /2

^ E/ ' s E/ +516,
rü g ' A
AgAc  ' A
AAc  ' A
AA vrqw uhvshfwlyhphqw ohv pdwulfhv
frqghqvìhv gh udlghxu/ g*dpruwlvvhphqw hw gh pdvvh1 Oh yhfwhxu s E/ ' A
As E/
fruuhvsrqg dx yhfwhxu frqghqvì ghv hruwv dssoltxìv1
Dlqvl/ oh prgëoh lqlwldo gh glphqvlrq  hvw surmhwì vxu oh vrxv0hvsdfh gh glphqvlrq
^/ gìfulw sdu od wudqvirupdwlrq A 1
Gìqlwlrq Oh grxeoh surgxlw pdwulflho AAA '  vhud gìql frpph xqh uhodwlrq
gh wudqvirupdwlrq frqjuxhqwh gh od pdwulfh  sdu od pdwulfh A +elhq txh od pdwulfh
A qh vrlw sdv xqh pdwulfh fduuìh uìjxolëuh,1
Rq uììfulw o*ìtxdwlrq +516, vrxv od iruph =
~ E/ ^ E/ ' s E/ +517,
rü ~ hvw od udlghxu g|qdpltxh gx v|vwëph frqghqvì1
Rq qrwh txh ohv sursulìwìv g*ruwkrjrqdolwì gh fhuwdlqv yhfwhxuv gh od wudqvirupdwlrq
qh vrqw sdv uhvshfwìhv qxpìultxhphqw srxu ghv v|vwëphv g*xqh fhuwdlqh wdlooh1 O*h{0
sorlwdwlrq gh fhv sursulìwìv/ gdqv xq exw g*ìfrqrplh gh fdofxo/ frqgxlw ã ghv sureoëphv
qxpìultxhv1 Dlqvl/ ohv surgxlwv gh wudqvirupdwlrq vrqw uìdolvìv hhfwlyhphqw1
Oh grxeoh surgxlw hvw uìdolvì ã o*dlgh g*xq vroyhxu h{sorlwdqw oh fdudfwëuh fuhx{ ghv
pdwulfhv g*ìwdw lqlwldohv1 Ohv pdwulfhv frqghqvìhv rewhqxhv vrqw sohlqhv hw frqvhuyhqw
ohv sursulìwìv gh v|pìwulh/ gh vljqh hw gh gìidxw vl o*rq lqfoxw ohv prghv gh frusv uljlgh
gdqv od wudqvirupdwlrq1
Od txdolwì ghv suìglfwlrqv uìdolvìhv ã o*dlgh gx v|vwëph uìgxlw gìshqg gh o*huuhxu gh
surmhfwlrq 0 +gìqlh sdu od uhodwlrq +518,, gh od vroxwlrq h{dfwh + +fdofxoìh ã o*dlgh gx
prgëoh qrq frqghqvì, vxu oh vrxv0hvsdfh uhsuìvhqwì sdu ohv yhfwhxuv gh Ulw} A =
0 ' dU  A o + +518,
rü A ' A

A AA

3
A A 1
Oh fkrl{ ghv yhfwhxuv A hvw grqf sulprugldo1
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51616 H{sdqvlrq ghv vroxwlrqv gx prgëoh uìgxlw
Vrlhqw ^7 ohv vroxwlrqv rewhqxhv dsuëv xqh dqdo|vh uìdolvìh ã o*dlgh gx prgëoh uìgxlw1
Ohv vroxwlrqv gx v|vwëph lqlwldo +7 vrqw uhfrqvwlwxìhv ã sduwlu ghv vroxwlrqv ^7 yld od
edvh gh frqghqvdwlrq A =
+7 ' A^7 +519,
Od vroxwlrq uhfrqvwlwxìh +7 hvw xqh dssur{lpdwlrq gh od vroxwlrq h{dfwh + gx v|vwëph
lqlwldo qrq frqghqvì/ gìqlh sdu od uhodwlrq +51:, =
+7 ' A+ +51:,
51617 Frqghqvdwlrq hq frrugrqqìhv sk|vltxhv gh w|sh gìsod0
fhphqw +
Dq gh v*dudqfklu sduwlhoohphqw gh o*ìwdsh gh uhfrqvwlwxwlrq ghv vroxwlrqv sk|vltxhv ã
sduwlu ghv vroxwlrqv jìqìudolvìhv lvvxhv gx sureoëph uìgxlw/ rq shxw gìqlu xqh wudqviru0
pdwlrq shuphwwdqw o*rewhqwlrq g*xq prgëoh uìgxlw wrwdohphqw h{sulpì hq frrugrqqìhv
sk|vltxhv gh w|sh gìsodfhphqw1
Lqvsluìhv ghv whfkqltxhv g*h{sdqvlrq ^8:` ^97`/ hw g*xqh whfkqltxh gh v|qwkëvh pr0
gdoh ^87` gìfulwh gdqv oh sdudjudskh 61417/ ohv surfìgxuhv gh uhwrxu hq frrugrqqìhv
sk|vltxhv vrqw jìqìudolvìhv sdu Vfkldyrqh hw do1 ^99` ^9;` ã od wudqvirupdwlrq vlpxo0
wdqìh ghv frrugrqqìhv prgdohv S hw ghv frrugrqqìhv gh w|sh hruw s hq frrugrqqìhv
sk|vltxhv gh w|sh gìsodfhphqw +1
Vrlw xqh edvh gh wudqvirupdwlrq frqvwlwxìh gh ? prghv qrupdx{ x hw ?2 uìsrqvhv
vwdwltxhv ls 1 Ohv frrugrqqìhv uìgxlwhv dvvrflìhv vrqw uhvshfwlyhphqw S hw ss 1 Od sur0
mhfwlrq ghv  gìsodfhphqwv gh od vwuxfwxuh vxu xqh whooh edvh v*ìfulw =
+ ' xSnlsss +51;,
Rq gìfrpsrvh o*hqvhpeoh ghv  ghjuìv gh olehuwì + hq 2 vrxv0hqvhpeohv h{fox0
vliv +6/ +s frpsuhqdqw uhvshfwlyhphqw ? hw ?2 ghjuìv gh olehuwì hw oh vrxv0hqvhpeoh
frpsoìphqwdluh +r1 Od uhodwlrq +51;, ghylhqw =5997
+6
+s
+r
6::8 '
5997
x6
xs
xr
6::8 Sn
5997
l6s
lss
lrs
6::8 ss +51<,
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Gdqv xq suhplhu whpsv/ rq ìolplqh ohv frrugrqqìhv jìqìudolvìhv S ã o*dlgh gh od
uhodwlrq +51<, uhvwuhlqwh vxu o*hqvhpeoh 6 =
S ' x36 d+6  l6sss o +5143,
Lo frqylhqw gh fkrlvlu vrljqhxvhphqw ohv ghjuìv gh olehuwì pdñwuhv +6 gh pdqlëuh
ã fh txh od vrxv0pdwulfh prgdoh x6 vrlw uìjxolëuh/ elhq frqglwlrqqìh hw/ gh fh idlw/
qxpìultxhphqw lqyhuvleoh vdqv huuhxu1 Rq vìohfwlrqqh fhv ghjuìv gh olehuwì pdñwuhv
sdu ghv whfkqltxhv gh idfwrulvdwlrq gh w|sh TU dyhf slyrwdjh ^67` gh od wudqvsrvìh
gh od vrxv0pdwulfh prgdoh x uìgxlwh dx{ ghjuìv gh olehuwì fdqglgdwv1 Fhv surfìgxuhv
h!fdfhv olyuhqw dyhf udslglwì od orfdolvdwlrq ghv oljqhv +gluhfwlrqv, ohv soxv olqìdluhphqw
lqgìshqgdqwhv gh od edvh hw jdudqwlvvdqw srxu x6 xq qrpeuh gh frqglwlrqqhphqw idleoh1
Od qrwlrq gh vrxv0edvh fdqglgdwh fruuhvsrqg ã xqh suì0vìohfwlrq gh ghjuìv gh olehuwì
xwlohv +sdu h{hpsoh ohv ghjuìv gh olehuwì gh wudqvodwlrq grqw o*dpsolwxgh prgdoh
pr|hqqh hvw vxsìulhxuh ã xq vhxlo grqqì, uìgxlvdqw dlqvl frqvlgìudeohphqw oh frþw gh
od idfwrulvdwlrq TU1
Lo hvw srvvleoh g*lpsrvhu fhuwdlqv ghjuìv gh olehuwì gdqv od vìohfwlrq = od idfwrulvd0
wlrq v*hhfwxh doruv vxu oh vrxv0hvsdfh ruwkrjrqdo dx vrxv0hvsdfh fruuhvsrqgdqw dx{
gluhfwlrqv lpsrvìhv1 Rq gìwdlooh gdqv o*dqqh{h D oh surfìgì gh idfwrulvdwlrq TU1 Srxu
soxv gh gìwdlov/ oh ohfwhxu vh uìiëuhud dx{ wudydx{ gh Udpdqlwudqmd ^97` hw Vfkldyrqh
^9;`1
Hq dssoltxdqw od wudqvirupdwlrq ghv frrugrqqìhv jìqìudolvìhv S +5143, ã od uhodwlrq
+51<,/ rq rewlhqw =5997
+6
+s
+r
6::8 '
5997
U6
xsx
3
6
xrx
3
6
6::8 +6 n
5997
f
lss  xsx36 l6s
lrs  xrx36 l6s
6::8 ss +5144,
Od vhfrqgh ìwdsh frqvlvwh ã ìolplqhu ohv frrugrqqìhv gh w|sh irufh ss ã o*dlgh gh od
uhodwlrq +5144, uhvwuhlqwh vxu o*hqvhpeoh s =
ss '

lss  xsx36 l6s

3 
+s  xsx36 +6

+5145,
Od pdwulfh Elss  xsx36 l6s grlw íwuh lqyhuvleoh/ fh txl vxssrvh xq fkrl{ frqyh0
qdeoh ghv ghjuìv gh olehuwì g*h{flwdwlrq1
Frpswh0whqx gh od wudqvirupdwlrq ghv frrugrqqìhv gh w|sh irufh ss +5145,/ rq re0
wlhqw qdohphqw xqh wudqvirupdwlrq hq frrugrqqìhv sk|vltxhv xqltxhphqw/ dqdorjxh ã
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od wudqvirupdwlrq ruljlqhooh +51;, =5997
+6
+s
+r
6::8 '
5997
U6 f
f Us
xrx
3
6  hlrs hl3ssxsx36 hlrs hl3ss
6::8
%
+6
+s
&
+5146,
rü = hlss ' lss  xsx36 l6shlrs ' lrs  xrx36 l6s
Rq qrwh tx*lo hvw srvvleoh g*ìolplqhu ohv frrugrqqìhv gh w|sh hruw ss gdqv xq
suhplhu whpsv sxlv ohv frrugrqqìhv jìqìudolvìhv S hq vhfrqg olhx/ rx gh ohv ìolplqhu
vlpxowdqìphqw1
Oh vrxv0hvsdfh yhfwrulho dvvrflì ã od wudqvirupdwlrq hq frrugrqqìhv sk|vltxhv +5146,
hvw lghqwltxh dx vrxv0hvsdfh dvvrflì ã od wudqvirupdwlrq hq frrugrqqìhv jìqìudolvìhv
+51;, = lo q*| d sdv gh shuwh g*lqirupdwlrqv/ hw ohv uìvxowdwv rewhqxv vrqw lghqwltxhv dx{
huuhxuv qxpìultxhv suëv1 Fhshqgdqw/ od urexvwhvvh gh fhv wudqvirupdwlrqv ylv0ã0ylv ghv
shuwxuedwlrqv rx prglfdwlrqv gx prgëoh gìshqg frqvlgìudeohphqw gx frqglwlrqqh0
phqw ghv pdwulfhv ã lqyhuvhu1
Xq prgëoh frqghqvì h{sulpì hq frrugrqqìhv gh w|sh gìsodfhphqw shuphw gh glvsr0
vhu gh grqqìhv sk|vltxhv gluhfwhphqw frpsdudeohv ã ghv grqqìhv h{sìulphqwdohv > xq
who prgëoh vlpsolh grqf ohv wåfkhv gh frqiurqwdwlrq phvxuhv2fdofxov hw frqgxlw ã ghv
whfkqltxhv gh uhfdodjh h!fdfhv ^93` ^9;`1
51618 Frqvhuydwlrq ghv ìqhujlhv prgdohv
Ohv ìqhujlhv prgdohv gh gìirupdwlrq .RD hw flqìwltxhv .SD ghv suhplhuv prghv gx
prgëoh lqlwldo vrqw jìqìudohphqw suìvhuyìhv sdu oh prgëoh frqghqvì lvvx g*xqh wudqv0
irupdwlrq frqjuxhqwh1
Vrlw +D oh Dlëph prgh sursuh gx v|vwëph lqlwldo hw ^D vrq krprorjxh gx v|vwëph
frqghqvì/ rq ìfulw =
+D ' A^D n 0D +5147,
rü 0D uhsuìvhqwh o*huuhxu gh surmhfwlrq gx prgh +D vxu od edvh A 1
Vl o*huuhxu gh surmhfwlrq 0D hvw qìjoljhdeoh ghydqw od txdqwlwì A^D +m0Dm  mA^Dm,/
doruv ohv ìqhujlhv prgdohv gx v|vwëph lqlwldo hw gx v|vwëph uìgxlw vrqw yrlvlqhv hw
v*ìfulyhqw =
.RD ' +
A
Dg+D * ^AD A AgA^D ' ^ADg^D
.SD ' +
A
D+D * ^AD AAA^D ' ^AD^D
+5148,
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O*huuhxu gh surmhfwlrq 0D hvw qxooh vl od pdwulfh gh wudqvirupdwlrq A shuphw gh
uhfrqvwlwxhu h{dfwhphqw oh D
e6e prgh sursuh gh od vwuxfwxuh > f*hvw oh fdv vl od wudqv0
irupdwlrq A frqwlhqw xqh vrxv0edvh prgdoh gx prgëoh1
517 V|qwkëvh prgdoh
Ohv whfkqltxhv gh uìgxfwlrq sdu v|qwkëvh prgdoh vrqw frxudpphqw xwlolvìhv oruv g*dqd0
o|vhv gh prgëohv ìoìphqwv qlv frpsoh{hv frqvwlwxìv g*dvvhpeodjhv gh vrxv0prgëohv
frpsrvdqwv1 O*lqwìuíw vsìfltxh gh od uìgxfwlrq sdu v|qwkëvh prgdoh hvw glvfxwì gdqv
oh sdudjudskh 514181
Oh sulqflsh frqvlvwh/ gdqv xq suhplhu whpsv/ ã frqghqvhu fkdtxh vrxv0vwuxfwxuh
lqgìshqgdpphqw vxu xq qrpeuh uìgxlw gh frrugrqqìhv ã o*dlgh g*xqh wudqvirupdwlrq
A sursuh ã od vrxv0vwuxfwxuh1 Ohv vrxv0vwuxfwxuhv frqghqvìhv vrqw hqvxlwh dvvhpeoìhv dx
pr|hq g*xqh vhfrqgh wudqvirupdwlrq A/ hq uhvshfwdqw ohv ìtxdwlrqv gh frpsdwlelolwì hq
hruw hw gìsodfhphqw dx{ iurqwlëuhv ghv vrxv0vwuxfwxuhv/ gh pdqlëuh ã iruphu xq prgëoh
ìtxlydohqw gh wdlooh uìgxlwh hw g*xqh suìflvlrq dffhswdeoh1 Dq gh fodulhu o*h{srvì/ oh
prgëoh rewhqx hvw gìqrppì lfl prgëoh uìgxlw qdo > lo hvw h{sulpì vxu o*hqvhpeoh ghv
frrugrqqìhv uìgxlwhv ghv vrxv0vwuxfwxuhv frqghqvìhv1 Gh píph txh gdqv oh fdv g*xqh
frqghqvdwlrq gluhfwh/ o*dqdo|vh gx v|vwëph hvw uìdolvìh vxu oh prgëoh uìgxlw qdo hw ohv
vroxwlrqv gx prgëoh lqlwldo vrqw uhfrqvwlwxìhv ã sduwlu ghv vroxwlrqv lvvxhv gx prgëoh
uìgxlw qdo1 Rq looxvwuh ohv glìuhqwhv skdvhv g*xqh v|qwkëvh prgdoh Iljxuh 5161
51714 Sduwlfxodulwìv
Gh qrpeuhxvhv whfkqltxhv gh v|qwkëvh prgdoh rqw ìwì sursrvìhv > lo hvw gìolfdw gh
frqfoxuh deuxswhphqw vxu oh fkrl{ gh od whfkqltxh xqlyhuvhooh ã uhwhqlu1 Rq shxw
gìjdjhu txhotxhv fdudfwìulvwltxhv lqglvshqvdeohv ã o*rewhqwlrq gh uìvxowdwv dffhswdeohv
lvvxv g*xq prgëoh uìgxlw vrxv0vwuxfwxuì =
 lo frqylhqw gh fkrlvlu d sulrul xq qrpeuh frqyhqdeoh gh prghv qrupdx{ gdqv
od edvh gh frqghqvdwlrq gh fkdtxh vrxv0vwuxfwxuh vhorq vrq lpsruwdqfh rx vd
frqwulexwlrq gdqv oh frpsruwhphqw g|qdpltxh gh od vwuxfwxuh frpsoëwh1 Xqh
vrxv0vwuxfwxuh vrxsoh qìfhvvlwh xqh vrxv0edvh gh surmhfwlrq uhodwlyhphqw odujh
+prghv qrupdx{ hq qrpeuh lpsruwdqw, doruv tx*lo shxw vx!uh gh suhqguh hq
frpswh xq ìtxlshphqw wuëv udlgh ã o*dlgh g*xqh edvh xqltxhphqw frqvwlwxìh gh
uìsrqvhv vwdwltxhv1
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Iljxuh 516 = Dqdo|vh sdu v|qwkëvh prgdoh
 oh qrpeuh gh prghv frpsrvdqwv gh vrxv0vwuxfwxuh grlw íwuh dgdswì hq irqfwlrq
gh od edqgh g*dqdo|vh gìvluìh1
 ohv hruwv h{whuqhv hw ohv hruwv gh oldlvrq dssoltxìv ã od vrxv0vwuxfwxuh qìfhvvl0
whqw o*lqfoxvlrq/ gdqv od edvh gh frqghqvdwlrq gh od vrxv0vwuxfwxuh/ gh uìsrqvhv
vwdwltxhv fdofxoìhv dx gurlw ghv ghjuìv gh olehuwì frqfhuqìv1 Oh prgëoh uìgxlw hvw
dlqvl vwdwltxhphqw h{dfw1
51715 Gìqlwlrq ghv vrxv0vwuxfwxuhv
Rq qrwh ~ o*lpsìgdqfh gx prgëoh joredo hw ~& o*lpsìgdqfh gx &lëph vrxv0v|vwëph
frpsrvdqw +vrxv0vwuxfwxuh &/ & '     R,1
Ohv prgëohv gh vrxv0vwuxfwxuhv vrqw gìqlv =
 ã sduwlu g*xqh rsìudwlrq gh gìvdvvhpeodjh gx prgëoh lqlwldo ã o*dlgh g*xq suì0
surfhvvhxu +ã sduwlu gh sursulìwìv jìrpìwultxhv rx pdwìulhoohv ìoìphqwdluhv sdu
h{hpsoh,/ dxtxho fdv rq hvw dvvxuì g*xqh sduidlwh fròqflghqfh ghv pdloodjhv ghv
vrxv0vwuxfwxuhv ã ohxuv iurqwlëuhv1
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 lqgìshqgdpphqw > ohv pdloodjhv vrqw doruv uìdolvìv sdu soxvlhxuv vrxv0frqwudfwdqwv1
Lo frqylhqw gh {hu xq fdklhu ghv fkdujhv suìflv dq g*rewhqlu ghv pdloodjhv gh
iurqwlëuh frpsdwleohv1
Rq xwlolvh frxudpphqw ghv oldlvrqv gh frusv uljlgh gh w|sh elhoohwwh dq gh udwwudshu
ohv oìjhuv gìidxwv gh fròqflghqfh ghv qrhxgv gh udffrughphqw1
51716 Htxloleuh g*xqh vrxv0vwuxfwxuh
Xqh vrxv0vwuxfwxuh &/ frpsrvdqw gx prgëoh lqlwldo/ hvw vrxplvh dx{ hruwv gh oldl0
vrq es& E/ ghv frpsrvdqwv dgmdfhqwv hw ã g*ìyhqwxhoohv vroolflwdwlrqv h{wìulhxuhv es&e E/1
O*ìtxloleuh gh od vrxv0vwuxfwxuh vrxplvh ã xq who v|vwëph gh irufhv v*ìfulw =
dg& n /&  /2&o+&E/ ' es& E/ n es&e E/ +5149,
vrlw =
~&E/+&E/ ' es& E/ n es&e E/ +514:,
51717 Frqghqvdwlrq g*xqh vrxv0vwuxfwxuh
Frqghqvdwlrq sdu surgxlw frqjuxhqw gh wudqvirupdwlrq
Gdqv ohv pìwkrghv gh v|qwkëvh prgdoh ohv soxv fodvvltxhv/ oh prgëoh frqghqvì gh od
vrxv0vwuxfwxuh hvw rewhqx sdu xqh uhodwlrq gh wudqvirupdwlrq frqjuxhqwh gh idêrq
dqdorjxh ã od surfìgxuh gìfulwh dx sdudjudskh 5161
Rq frqvwuxlw xqh edvh gh frqghqvdwlrq A & +frrugrqqìhv uìgxlwhv dvvrflìhv ^
&, shu0
phwwdqw g*rewhqlu xq prgëoh frqghqvì ~& gh od vrxv0vwuxfwxuh vhorq oh surfìgì gìql
gdqv ohv ìtxdwlrqv +514, ã +517,1 Od uhodwlrq g*ìtxloleuh +514:, ghylhqw =
~&E/^
&E/ ' A &
A
 E
es& E/ n es&e E/ +514;,
rü ~& ' A
&A
 ~
&A & hvw o*lpsìgdqfh gh od vrxv0vwuxfwxuh & frqghqvìh1
Frqghqvdwlrq sdu surgxlw gh wudqvirupdwlrq qrq v|pìwultxh
Fhuwdlqhv pìwkrghv gh v|qwkëvh prgdoh +PdfQhdo ^86` hw Uxelq ^98`, hpsorlhqw/ oruv gh
od uìgxfwlrq g*ruguh gh od vrxv0vwuxfwxuh/ xq grxeoh surgxlw pdwulflho qrq v|pìwultxh
gh wudqvirupdwlrq gh gurlwh A &_ hw gh jdxfkh A
&
}
glìuhqwhv1 Ohv gìsodfhphqwv gh od
vrxv0vwuxfwxuh & vrqw surmhwìv vxu od wudqvirupdwlrq gh gurlwh A &_ =
+& ' A &_
%
^&
s&s
&
+514<,
6:
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Rq lqwëjuh lfl ohv irufhv s&s dssoltxìhv ã od vrxv0vwuxfwxuh frpph frrugrqqìhv uì0
gxlwhv dvvrflìhv ã od wudqvirupdwlrq A &_1
Frpswh0whqx gh fhuwdlqhv uhodwlrqv g*ruwkrjrqdolwì hqwuh wudqvirupdwlrqv gh jdxfkh
hw gh gurlwh +yrlu sdudjudskh 615,/ od uhodwlrq g*ìtxloleuh +514:, ghylhqw =
~&E/^
&E/ ' A &
A
}
E es& E/ n es&e E/ +5153,
rü ~& ' A
&A
}
~&A &_ hvw o*lpsìgdqfh gh od vrxv0vwuxfwxuh & frqghqvìh1
Fhv pìwkrghv irqw dssho ã xq dvvhpeodjh vsìfltxh +sdudjudskh 51719,1
51718 Htxdwlrqv gh frpsdwlelolwì dx{ iurqwlëuhv ghv vrxv0vwuxfwxuhv
Ohv uhodwlrqv gh frxsodjh hqwuh vrxv0vwuxfwxuhv vrqw h{sulpìhv vrxv od iruph g*ìtxdwlrqv
yhfwrulhoohv gh frpsdwlelolwì hq hruwv hw gìsodfhphqwv dx{ iurqwlëuhv/ vxu ohv ghjuìv gh
olehuwì gh udffrughphqw1
Srxu R vrxv0vwuxfwxuhv frqqhfwìhv vxu xqh píph iurqwlëuh/ rq frqvlgëuh ohv uhodwlrqv
vxlydqwhv ã xqh sxovdwlrq / grqqìh =
 frqwlqxlwì ghv gìsodfhphqwv ã od iurqwlëuh =
+ E/ '    ' +& E/ '    ' +R E/ E& '     R +5154,
 ìtxloleuh ghv hruwv gh oldlvrq =
R[
&'
es& E/ ' f +5155,
51719 Dvvhpeodjh ghv vrxv0vwuxfwxuhv frqghqvìhv
Ohv R prgëohv uìgxlwv vrqw dvvhpeoìv hq uhvshfwdqw ohv ìtxdwlrqv gh frpsdwlelolwì ghv
hruwv hw gìsodfhphqwv dx{ iurqwlëuhv ghv vrxv0grpdlqhv +5154, hw +5155,1 Rq rewlhqw
xq prgëoh uìgxlw qdo ~-8 h{sulpì vxu o*hqvhpeoh ^-8 frpsuhqdqw wrxw rx sduwlh ghv
frrugrqqìhv uìgxlwhv ghv vrxv0vwuxfwxuhv frqghqvìhv E^-8 
RV
&'
^&1
Dvvhpeodjh gh w|sh frqjuxhqw
Rq jìqìudolvh lfl ohv w|shv g*dvvhpeodjhv uìdolvìv sdu xqh vhfrqgh uhodwlrq gh wudqv0
irupdwlrq frqjuxhqwh A &1 Fhwwh wudqvirupdwlrq g*dvvhpeodjh hvw gìqlh hqwuh ohv
frrugrqqìhv uìgxlwhv ^& gh od vrxv0vwuxfwxuh & hw o*hqvhpeoh ghv frrugrqqìhv ^-8 gx
v|vwëph uìgxlw qdo =
^& ' A &^-8 +5156,
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Rq frqvwuxlw dlqvl oh prgëoh dvvhpeoì ~& gh od vrxv0vwuxfwxuh & h{sulpì vxu
o*hqvhpeoh ghv frrugrqqìhv ^-8 =
~& ' A
&A
 ~
&
A
&
 +5157,
O*ìtxdwlrq g*ìtxloleuh gh od vrxv0vwuxfwxuh frqghqvìh +514;, ghylhqw =
~&E/^-8 E/ ' A
&A
 A
&A
 E
es& E/ n es&e E/ +5158,
Oh prgëoh uìgxlw qdo hvw rewhqx sdu xqh vrppdwlrq ghv R lpsìgdqfhv ~& ghv
vrxv0vwuxfwxuhv =
~-8 '
R[
&'
~& '
R[
&'
A &
A
 A
&A
 ~
&A &A
&
 +5159,
O*ìtxloleuh gx prgëoh uìgxlw qdo hvw grqqì sdu o*ìtxdwlrq =
~-8 E/^-8 E/ '
R[
&'
A &
A
 A
&A

es&e E/ +515:,
Od vrpph ghv R hruwv gh mrqfwlrq/ h{sulpìv vxu o*hqvhpeoh ghv frrugrqqìhv uìgxlwhv
^-8 / grlw íwuh qxooh =
R[
&'
A &
A
 A
&A

es& E/ ' f +515;,
 Fdv sduwlfxolhu = dvvhpeodjh h{solflwh
O*dvvhpeodjh h{solflwh gh vrxv0vwuxfwxuhv vxu ohv ghjuìv gh olehuwì gh mrqfwlrq hvw
xq fdv sduwlfxolhu gh fhwwh irupxodwlrq rü od pdwulfh g*dvvhpeodjh gh od vrxv0vwuxfwxuh
& hvw xqh vlpsoh pdwulfh gh orfdolvdwlrq A & ' u
&
 > ohv frrugrqqìhv uìgxlwhv ^
& gh
od vrxv0vwuxfwxuh vrqw vlpsohphqw orfdolvìhv vxu o*hqvhpeoh ghv frrugrqqìhv ^-8 gx
prgëoh uìgxlw =
^& ' u&^-8 +515<,
Fhwwh surfìgxuh vlpsoh gh frxsodjh h{solflwh ghv vrxv0vwuxfwxuhv frqghqvìhv hvw
hpsor|ìh gdqv gh qrpeuhxvhv pìwkrghv gh v|qwkëvh prgdoh +yrlu fkdslwuh 6,1 Vrq
gìidxw sulqflsdo uìvlgh gdqv od suìvhqfh ghv ghjuìv gh olehuwì gh mrqfwlrq gdqv o*hqvhpeoh
ghv frrugrqqìhv gx prgëoh uìgxlw qdo1 Gx idlw gh o*dvvhpeodjh vxu ohv ghjuìv gh olehuwì
gh mrqfwlrq/ ohv pdwulfhv g*ìwdw gx prgëoh uìgxlw qdo suìvhqwhqw xq fdudfwëuh fuhx{
sdu eorfv1 Fhshqgdqw/ od wdlooh gh fhv pdwulfhv g*ìwdw +lpsdfw vxu oh frþw gh vwrfndjh
pìprluh, hvw iruwhphqw frqglwlrqqìh sdu oh qrpeuh gh fhv ghjuìv gh olehuwì gh mrqfwlrq1
6<
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Dvvhpeodjh sdu ìolplqdwlrq ghv hruwv gh oldlvrq uìvlgxhov
Od surfìgxuh hvw gìwdlooìh gdqv oh sdudjudskh 6151
Fhw dvvhpeodjh hvw vsìfltxh dx{ whfkqltxhv gh v|qwkëvh prgdoh gh w|sh PdfQhdo
^86` hw Uxelq ^98`1 Oh frxsodjh ghv vrxv0vwuxfwxuhv frqghqvìhv hvw uìdolvì sdu ìolplqdwlrq
ghv lqfrqqxhv gh w|sh hruw gh oldlvrq gdqv oh vhfrqg phpeuh gh o*h{suhvvlrq +5153,1
Ohv hruwv s& dx{ mrqfwlrqv gh od vrxv0vwuxfwxuh & vrqw h{sulpìv vxu o*hqvhpeoh ghv
frrugrqqìhv ^-8 gx prgëoh uìgxlw hw vxu o*hqvhpeoh ghv irufhv h{whuqhv ese ã o*dlgh ghv
pdwulfhv gh frxsodjh uhvshfwlyhv &^-8 E/ hw 
&
se
E/ =
s& E/ ' 
&
^-8
E/^-8 E/ n 
&
se
E/ eseE/ +5163,
Ohv pdwulfhv gh frxsodjh &^-8 hw 
&
se
vrqw gìqlhv ã sduwlu ghv ìtxdwlrqv gh frp0
sdwlelolwì +5154, hw +5155, hw gh od uhodwlrq gh frqghqvdwlrq gh gurlwh +514<, gh od vrxv0
vwuxfwxuh1 Hoohv vrqw frqvwdqwhv gdqv od pìwkrgh gh PdfQhdo hw irqfwlrq gh od sxovdwlrq
/ gdqv od pìwkrgh gh Uxelq1
Hq ìolplqdqw ohv hruwv gh oldlvrq s& gdqv o*ìtxdwlrq +5153, sdu od uhodwlrq +5163,/
rq rewlhqw oh prgëoh dvvhpeoì ~& gh od vrxv0vwuxfwxuh & h{sulpì vxu o*hqvhpeoh ghv
frrugrqqìhv ^-8 hw vrxplv dx{ hruwv h{whuqhv jìqìudolvìv A
&
s
ese =
~&E/^-8 E/ ' A
&
s
eseE/ +5164,
rü =
~& ' ~
&
  A &A} &^-8
A &s ' A
&A
}
du&e n 
&
se
o
u&e ìwdqw od pdwulfh gh orfdolvdwlrq ghv hruwv h{whuqhv dssoltxìv ã od vrxv0vwuxfwxuh &
gdqv o*hqvhpeoh ghv hruwv h{whuqhv dssoltxìv dx prgëoh lqlwldo1
Oh prgëoh uìgxlw qdo hvw rewhqx sdu vlpsoh vrppdwlrq ghv R lpsìgdqfhv ~& =
~-8 '
R[
&'
~& +5165,
O*ìtxloleuh gx prgëoh uìgxlw qdo hvw grqqì sdu o*ìtxdwlrq =
~-8 E/^-8 E/ '
R[
&'
A &s
eseE/ +5166,
Ohv ghjuìv gh olehuwì gh mrqfwlrq vrqw devhqwv gh o*hqvhpeoh ghv frrugrqqìhv gx
sureoëph uìgxlw > ohv pdwulfhv g*ìwdw dvvrflìhv vrqw sohlqhv pdlv gh wdlooh idleoh1
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Dvvhpeodjh sdu frqwudlqwhv gh Odjudqjh vxu ohv gìsodfhphqwv
O*dvvhpeodjh ghv vrxv0vwuxfwxuhv frqghqvìhv sdu uhodwlrq frqjuxhqwh gh wudqviru0
pdwlrq shxw íwuh uìdolvì hq dgrswdqw xqh irupxodwlrq hq frrugrqqìhv pl{whv = vrlw
o*hqvhpeoh frpsrvì ghv frrugrqqìhv uìgxlwhv fodvvltxhv ^-8 hw ghv frh!flhqwv pxowl0
solfdwhxuv gh Odjudqjh >1 Od frqwlqxlwì gx fkdps gh gìsodfhphqw dx{ lqwhuidfhv ghv
vrxv0vwuxfwxuhv hvw lpsrvìh sdu ghv ìtxdwlrqv gh frqwudlqwh ìjdolwì J^ dx{txhoohv rq
dvvrflh ohv frh!flhqwv pxowlsolfdwhxuv >1 Ohv ìtxdwlrqv gh frqwudlqwh vrqw rewhqxhv ã
sduwlu ghv ìtxdwlrqv gh frpsdwlelolwì vxu ohv gìsodfhphqwv gh iurqwlëuh +5154, hw ghv
uhodwlrqv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv +gh w|sh +514,,1
Rq rewlhqw xq prgëoh uìgxlw qdo h{sulpì hq frrugrqqìhv pl{whv =%
~WE/ J
A
^
J^ f
&%
^-8 E/
>
&
'
%
sWE/
f
&
+5167,
rü ~W '
5999997
~ f    f
f ~2
111
111
1 1 1 f
f    f ~R
6:::::8 hw sWE/ '
5999997
A 
A

ese E/
A 2
A

es2e E/
111
A R
A

esRe E/
6:::::8
Od uìvroxwlrq dx{ ydohxuv sursuhv rx iuìtxhqwlhooh g*xq who v|vwëph hvw hhfwxìh dsuëv
ìolplqdwlrq ghv frqwudlqwhv1 Oh udqj o gh od pdwulfh J^ hvw jìqìudohphqw gìflhqw =
o 	 4?Ec ^ +5168,
Lo frqylhqw gh gìwhuplqhu xqh pdwulfh e gìfulydqw o*hvsdfh qxo gh od pdwulfh ghv
frqwudlqwhv J^1 Od vroxwlrq gx sureoëph +5167, hvw rewhqxh sdu surmhfwlrq gx prgëoh
vxu fh vrxv0hvsdfh = eA~WE/ e1E/ ' eAsWE/ +5169,
Rkd|rq hw do1 ^8;` sursrvhqw xqh surfìgxuh edvìh vxu xqh gìfrpsrvlwlrq hq ydohxuv
vlqjxolëuhv gh od pdwulfh ghv frqwudlqwhv dq gh gìwhuplqhu e 1
Edophv ^6` suìfrqlvh o*xwlolvdwlrq g*xqh idfwrulvdwlrq gh w|sh OX shuphwwdqw od
frqvwuxfwlrq gx vrxv0hvsdfh qxo f / qrwdpphqw gdqv oh fdv gh vwuxfwxuhv srvvìgdqw
gh qrpeuhx{ ghjuìv gh olehuwì gh mrqfwlrq1
Ohv vroxwlrqv ^-8 vrqw rewhqxhv sdu h{sdqvlrq ghv vroxwlrqv 1E/ lvvxhv gh od uìvr0
oxwlrq gh +5169, =
^-8 E/ ' e1E/ +516:,
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518 Uìgxfwlrq pxowl0qlyhdx{
51814 Uìgxfwlrqv vxffhvvlyhv
Xqh surfìgxuh gh uìgxfwlrq g*xq prgëoh shxw íwuh oh uìvxowdw gh soxvlhxuv uìgxfwlrqv
vxffhvvlyhv1 Rq gìqrpph fhwwh vxffhvvlrq gh frqghqvdwlrq uìgxfwlrq pxowl0qlyhdx{1 D
fkdtxh qlyhdx gh od surfìgxuh/ rq uìgxlw o*ruguh gx v|vwëph ã o*dlgh g*xqh wudqviru0
pdwlrq fdofxoìh dx qlyhdx suìfìghqw1 Hq v|qwkëvh prgdoh/ xqh uìgxfwlrq ã soxvlhxuv
qlyhdx{ shuphw g*hqylvdjhu xq dvvhpeodjh qrq vlpxowdqì ghv vrxv0vwuxfwxuhv hw gh
glplqxhu frqvlgìudeohphqw oh qrpeuh gh frrugrqqìhv uìgxlwhv gx prgëoh qdo1
Fhwwh vwudwìjlh qìfhvvlwh xqh jhvwlrq uljrxuhxvh gh od edvh gh grqqìhv dvvrflìh hw
lpsoltxh ghv fdofxov dgglwlrqqhov gh uìsrqvhv vwdwltxhv hw prghv qrupdx{ uìdolvìv vxu
ghv v|vwëphv gh wdlooh olplwìh pdlv d|dqw shugx ohxu fdudfwëuh fuhx{1 Hooh frqylhqw
sduidlwhphqw ã od uìgxfwlrq gh prgëohv g*ìtxlshphqwv frqqh{hv dx{ vrxv0vwuxfwxuhv/
ìtxlshphqwv grqw vhxohv ohv frqwulexwlrqv vwdwltxhv lqwhuylhqqhqw gdqv oh frpsruwh0
phqw joredo1 Xq suhplhu qlyhdx gh uìgxfwlrq frqvlvwh doruv ã frqghqvhu vwdwltxhphqw
fhv ìtxlshphqwv hw ã dvvhpeohu ohv prgëohv uìgxlwv fruuhvsrqgdqwv vxu ohv pdwulfhv
qrq frqghqvìhv ghv vrxv0vwuxfwxuhv sruwhxvhv1 Lo q*hvw sdv qìfhvvdluh gh frqvhuyhu ohv
pdwulfhv gh wudqvirupdwlrq dvvrflìhv vl o*rq qh vrxkdlwh sdv revhuyhu oh frpsruwhphqw
orfdo gh fhv ìtxlshphqwv1
Rq suìvhqwh Iljxuh 517 xq h{hpsoh gh uìgxfwlrq ã soxvlhxuv qlyhdx{1
5pGXFWLRQ
DX QLYHDX   
0RGqOH UpGXLW
ILQDO
5pGXFWLRQ
DX QLYHDX 
     6RXVVWUXFWXUHV
Iljxuh 517 = H{hpsoh g*xqh surfìgxuh gh uìgxfwlrq ã 5 qlyhdx{
51815 Uìgxfwlrq ghv ghjuìv gh olehuwì gh mrqfwlrq
Oruv g*dvvhpeodjhv gh vrxv0vwuxfwxuhv uìdolvìv h{solflwhphqw vxu ohv ghjuìv gh olehuwì
gh mrqfwlrq/ od uìgxfwlrq pxowl0qlyhdx{ hvw xq pr|hq gh v*dudqfklu gh od suìvhqfh gh
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frrugrqqìhv gh mrqfwlrq vxuderqgdqwhv gdqv o*hqvhpeoh ghv frrugrqqìhv gx prgëoh
uìgxlw qdo1
Soxvlhxuv vwudwìjlhv shuphwwdqw od uìgxfwlrq ghv frrugrqqìhv gh mrqfwlrq lqxwlohv
vrqw sursrvìhv sdu Eudkpl hw do1 ^53` ^54` = xqh suhplëuh whfkqltxh rü o*rq hhfwxh xqh
uìgxfwlrq vwdwltxh ghv ghjuìv gh olehuwì gh mrqfwlrq dsuëv dvvhpeodjh > xqh vhfrqgh
pìwkrgh soxv shuirupdqwh rü o*rq surmhwwh ohv gìsodfhphqwv gh fkdtxh iurqwlëuh vxu
xqh edvh frppxqh1 Od edvh frppxqh gh surmhfwlrq hvw rewhqxh sdu frqfdwìqdwlrq gh
vrxv0edvhv prgdohv uhvwuhlqwhv dx{ ghjuìv gh olehuwì gh mrqfwlrq ghv vrxv vwuxfwxuhv/ sxlv
sdu h{wudfwlrq gx vrxv0hvsdfh xwloh uhsuìvhqwdwli gx prxyhphqw g*lqwhuidfh/ ã o*dlgh
g*xqh gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv1 Ohv ghjuìv gh olehuwì gh mrqfwlrq vrqw dlqvl
uìgxlw hq xq idleoh qrpeuh gh frrugrqqìhv jìqìudolvìhv g*lqwhuidfh1 Edophv ^6` h{sorlwh
xqh whfkqltxh vlplodluh hw o*dssoltxh ã o*dvvhpeodjh gh vrxv0vwuxfwxuhv suìvhqwdqw ghv
pdloodjhv gh iurqwlëuh lqfrpsdwleohv1
519 Edvhv gh uhsuìvhqwdwlrq gx prxyhphqw
Ohv edvhv gh surmhfwlrq A / xwlolvìhv oruv gh od uìgxfwlrq ghv prgëohv/ vrqw hvvhqwlhoohphqw
frqvwlwxìhv gh ghx{ fodvvhv gh yhfwhxuv = ohv yhfwhxuv lvvxv gh od uìvroxwlrq g*xq sureoëph
dx{ ydohxuv sursuhv hw ohv yhfwhxuv rewhqxv sdu uìvroxwlrq g*xq sureoëph vwdwltxh1
Rq uhfhqvh lfl/ gh pdqlëuh qrq h{kdxvwlyh/ ohv w|shv gh yhfwhxuv gh edvh ohv soxv
frxudqwv1 Od gìqrplqdwlrq gh fhv yhfwhxuv surylhqw ghv whfkqltxhv gh v|qwkëvh prgdoh1
Fhfl q*hpsífkh hq dxfxqh pdqlëuh ohxu xwlolvdwlrq gdqv ghv surfìgxuhv gh frqghqvdwlrq
sxuh1 Lo vx!w gh wudqvsrvhu o*hqvhpeoh ghv ghjuìv gh olehuwì gh mrqfwlrq +qrwlrq vsìfl0
txh ã od v|qwkëvh prgdoh, hq xq hqvhpeoh gh ghjuìv gh olehuwì {ìv duelwudluhphqw1
51914 Prghv qrupdx{
Fhv yhfwhxuv vrqw lvvxv gh od uìvroxwlrq g*xq sureoëph krprjëqh dvvrflì dx prgëoh +rx
ã od vrxv0vwuxfwxuh, ã frqghqvhu/ fh prgëoh ìwdqw dhfwì g*ìyhqwxhoohv prglfdwlrqv
vwuxfwxudohv vxssoìphqwdluhv dx{ frqglwlrqv dx{ olplwhv qdwxuhoohv1
Prghv ã lqwhuidfh oleuh
Od uìvroxwlrq gx sureoëph krprjëqh hvw hhfwxìh vxu oh v|vwëph vlpsohphqw dhfwì ghv
frqglwlrqv dx{ olplwhv qdwxuhoohv1 Ohv yhfwhxuv sursuhv rewhqxv rqw ydohxu vxu o*hqvhpeoh
? ghv ghjuìv gh olehuwì dfwli hw iruphqw xqh edvh wurqtxìh t 1 Oruvtxh od vrxv0vwuxfwxuh
suìvhqwh xqh srvlwlrq g*ìtxloleuh lqglìuhqwh/ od edvh wurqtxìh t vh gìfrpsrvh hq ghx{
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vrxv0edvhv frpsoìphqwdluhv = xqh vrxv0edvh frqvwlwxìh ghv prghv gh frusv uljlgh t-
hw xqh vrxv0edvh frpsrvìhv ghv prghv gìirupdeohv t(1
Vxu o*hqvhpeoh ? ghv ghjuìv gh olehuwì dfwliv/ fhwwh edvh t hvw gìqlh sdu =
t '
k
t- t(
l
+516;,
Ohv prghv ã lqwhuidfh oleuh vrqw xwlolvìv gdqv ohv whfkqltxhv gh v|qwkëvh prgdoh
sursrvìhv sdu Jrogpdq ^65`/ Krx ^6<`/ PdfQhdo ^86`/ Pduwlqh} hw do1 ^87` hw Uxelq ^98`1
Prghv ã lqwhuidfh eortxìh
Od edvh wurqtxìh ghv prghv ã lqwhuidfh eortxìh [ hvw rewhqxh sdu uìvroxwlrq gx sur0
eoëph krprjëqh dvvrflì dx v|vwëph h{sulpì vxu o*hqvhpeoh  ghv ghjuìv gh olehuwì
lqwhuqhv gh od vrxv0vwuxfwxuh1 Ohv ghjuìv gh olehuwì gh mrqfwlrq +hqvhpeoh , vrqw vrx0
plv ã ghv frqglwlrqv g*hqfdvwuhphqw1 Gdqv oh fdv g*xqh vwuxfwxuh ã srvlwlrq g*ìtxloleuh
lqglìuhqwh/ ohv frqwudlqwhv g*hqfdvwuhphqw vx!vhqw jìqìudohphqw ã vxssulphu wrxw
prxyhphqw gh frusv uljlgh ìyhqwxho1
Vxu o*hqvhpeoh ? ghv ghjuìv gh olehuwì dfwliv/ od edvh [ hvw gìqlh sdu =
[ '
%
f
[
&
+516<,
Ohv prghv ã lqwhuidfh eortxìh vrqw hpsor|ìv hq vxssoìphqw ghv prghv vwdwltxhv gh
oldlvrq gdqv ohv pìwkrghv gh Kxuw| ^74` hw Fudlj hw Edpswrq ^57`1
Prghv ã lqwhuidfh fkdujìh
O*dqdo|vh prgdoh hvw uìdolvìh lfl vxu od vrxv0vwuxfwxuh prglìh sdu dgmrqfwlrq gh fkdu0
jhphqwv hq pdvvh hw udlghxu ã vhv iurqwlëuhv1 Srxu ghv fkdujhphqwv frqyhqdeohphqw
fkrlvlv/ ohv prghv rewhqxv vrqw surfkhv ghv prghv gh o*hqvhpeoh gh od vwuxfwxuh dvvhp0
eoìh hw frqvwlwxhqw dlqvl xqh h{fhoohqwh edvh gh uhsuìvhqwdwlrq1 Od pìwkrgh ghv prghv
gh eudqfkhv gh Jodgzhoo ^64`/ dlqvl txh ohv whfkqltxhv sursrvìhv sdu Ehqhog hw Kuxgd
^:` hw Mh}htxho ^77` xwlolvhqw fh w|sh gh prghv frpsrvdqwv1 Od gl!fxowì g*xqh whooh
surfìgxuh uìvlgh gdqv od gìwhuplqdwlrq gx fkdujhphqw dgìtxdw1 Ehqhog hw Kuxgd
^:` sursrvhqw xq fkdujhphqw gh o*lqwhuidfh frqvwlwxì ghv vrxv0vwuxfwxuhv dgmdfhqwhv
frqghqvìhv vwdwltxhphqw vxu ohv ghjuìv gh olehuwì gh mrqfwlrq fruuhvsrqgdqwv1
Prghv ã lqwhuidfh pl{wh
Ohv prghv qrupdx{ vrqw lfl rewhqxv sdu eorfdjh gh fhuwdlqv ghjuìv gh olehuwì gh mrqf0
wlrq1 O*hqvhpeoh  ghv ghjuìv gh olehuwì gh mrqfwlrq hvw glylvì hq ghx{ vrxv0hqvhpeohv
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grqw xq vhxo hvw frqwudlqw ã o*hqfdvwuhphqw shqgdqw o*dqdo|vh prgdoh1 Fhwwh frqjx0
udwlrq g*lqwhuidfh sduwlfxolëuh hvw sursrvìh sdu PdfQhdo ^86` hq yduldqwh ã vd pìwkrgh
gh v|qwkëvh prgdoh hw uhsulvh sdu Wudq ^:3`1
51915 Uìsrqvhv vwdwltxhv
Ohv edvhv gh uìsrqvhv vwdwltxhv vrqw rewhqxhv ã sduwlu g*xqh dqdo|vh vwdwltxh gh od
vwuxfwxuh vrxplvh ã ghv fkdujhphqwv rx ghv gìsodfhphqwv gh w|sh xqlwì lpsrvìv vxf0
fhvvlyhphqw vxu fhuwdlqv ghjuìv gh olehuwì1 Gdqv fh sdudjudskh/ rq frqvlgëuh ohv uìsrqvhv
vwdwltxhv dvvrflìhv ã o*hqvhpeoh  ghv ghjuìv gh olehuwì gh mrqfwlrq1 Rq suìflvh txh fhw
hqvhpeoh shxw íwuh ìyhqwxhoohphqw dxjphqwì gh fhuwdlqv ghjuìv gh olehuwì lqwhuqhv +hq0
vhpeoh e,1 Fhv uìsrqvhv vwdwltxhv dvvxuhqw/ gdqv od edvh gh surmhfwlrq/ xqh sulvh hq
frpswh h{dfwh gh od sduwlh vwdwltxh gx frpsruwhphqw lvvx gh fkdujhphqwv g|qdpltxhv
dssoltxìv vxu o*hqvhpeoh ghv ghjuìv gh olehuwì frqfhuqìv1
Prghv frqwudlqwv +prghv vwdwltxhv gh oldlvrq,
Hjdohphqw gìqrppìv prghv vwdwltxhv gh oldlvrq/ lov ixuhqw lqwurgxlwv sdu Su}hplhqlhfnl
^95` hw xwlolvìv sdu Jx|dq ^69`/ Lurqv ^76`/ Kxuw| ^74` hw Fudlj hw Edpswrq ^57`1
Ohv prghv frqwudlqwv X +? { , vrqw ghv uìsrqvhv vwdwltxhv ghv ghjuìv gh olehuwì
lqwhuqhv fruuhvsrqgdqw ã ghv gìsodfhphqwv xqlwdluhv vxffhvvliv gh fkdfxq ghv ghjuìv gh
olehuwì g*lqwhuidfh/ ohv dxwuhv ghjuìv gh olehuwì g*lqwhuidfh ìwdqw eortxìv1 Vrlw od uhodwlrq
g*ìtxloleuh vwdwltxh fruuhvsrqgdqw dx{ gìsodfhphqwv xqlwì vxffhvvlyhphqw lpsrvìv vxu
o*hqvhpeoh  = %
g g
g g
&%
U
X
&
'
%
8
f
&
+5173,
rü 8 hvw od pdwulfh ghv hruwv vwdwltxhv gh uìdfwlrq ã o*lqwhuidfh gxv dx{ gìsodfhphqwv
lpsrvìv1
O*h{suhvvlrq ghv prghv frqwudlqwv hvw grqqìh sdu od uhodwlrq =
X '
%
U
X
&
'
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U
g3 g
&
+5174,
Prghv gh  h{lelolwì +prghv g*dwwdfkh,
Ohv prghv gh  h{lelolwì vwdwltxh rx gh vrxsohvvh vwdwltxh 7 +? { , / txh o*rq qrpph
ìjdohphqw prghv g*dwwdfkh/ vrqw rewhqxv hq dssoltxdqw vxffhvvlyhphqw ghv irufhv xql0
wdluhv vxu o*hqvhpeoh  ghv ghjuìv gh olehuwì g*lqwhuidfh1 Edpirug hw do1 ^8` lqwëjuhqw
fh w|sh gh uìsrqvh vwdwltxh gdqv oh fdguh gh v|qwkëvh prgdoh gh vrxv0vwuxfwxuhv ã
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srvlwlrq g*ìtxloleuh vwdeoh1 Frqfhuqdqw ohv vrxv0vwuxfwxuhv ã srvlwlrq g*ìtxloleuh lq0
glìuhqwh/ lo frqylhqw g*dssoltxhu xqh surfìgxuh sduwlfxolëuh frqvlvwdqw ã gìqlu xqh
svhxgr0 h{lelolwì +rx  h{lelolwì owuìh, yld xq owudjh ghv prxyhphqwv gh frusv uljlgh1
 Vwuxfwxuh ã srvlwlrq g*ìtxloleuh vwdeoh
Vrlw od uhodwlrq g*ìtxloleuh vwdwltxh fruuhvsrqgdqw dx{ fkdujhphqwv xqlwì vxffhvvl0
yhphqw lpsrvìv vxu o*hqvhpeoh  =
g7 ' U +5175,
rü U '
%
U
f
&

Ohv prghv gh  h{lelolwì vrqw gìqlv sdu od uhodwlrq vxlydqwh =
7 ' g
3U +5176,
Rq phw hq ìylghqfh xqh uhodwlrq pdwulflhooh lqwìuhvvdqwh hqwuh prghv frqwudlqwv hw
prghv gh  h{lelolwì1 Srxu fhod/ rq dgrswh xqh sduwlwlrq vxu ohv hqvhpeohv gh ghjuìv gh
olehuwì  hw  gh od uhodwlrq +5175, =%
g g
g g
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7
7
&
'
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f
&
+5177,
Vxlwh ã fhwwh sduwlwlrq/ rq rewlhqw o*h{suhvvlrq vxlydqwh ghv prghv gh  h{lelolwì =
7 '
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7
7
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' X7 +5178,
rü od pdwulfh 7 fruuhvsrqg ã o*lqyhuvh gh od pdwulfh gh udlghxu frqghqvìh gh Jx|dq1
 Vwuxfwxuh ã srvlwlrq g*ìtxloleuh lqglìuhqwh
Od pdwulfh gh udlghxu suìvhqwh xq gìidxw ìjdo dx qrpeuh ghv prghv uljlghv irupdqw
t- hw q*hvw sdv lqyhuvleoh1 Lo frqylhqw g*rsìuhu xq owudjh ghv prxyhphqwv gh frusv
uljlgh gh od vwuxfwxuh dq g*dffìghu dx{ prghv gh svhxgr0 h{lelolwì1 Fhwwh surfìgxuh
gh owudjh hvw glvfxwìh gdqv gh qrpeuhx{ rxyudjhv hw sxeolfdwlrqv ^58` ^63` ^75` ^98`1
Lo frqylhqw g*dgrswhu xqh sduwlwlrq gh od pdwulfh udlghxu vxu ohv hqvhpeohv gh ghjuìv
gh olehuwì o hw _ =
g '
%
goo go_
g_o g__
&
+5179,
Ohv ghjuìv gh olehuwì gh o*hqvhpeoh o Eo  S vrqw fkrlvlv mxglflhxvhphqw dq gh
uhqguh lvrvwdwltxh od vwuxfwxuh vrxv o*dfwlrq g*xq v|vwëph gh irufhv dssoltxì dx gurlw
gh fhv ghjuìv gh olehuwì1 Rq sduoh gh irufhv g*dxwr0ìtxloleuh1
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Qrxv gìqlvvrqv hqvxlwh xqh pdwulfh C vlqjxolëuh gh gìidxw o whooh txh =
C '
%
f f
f g3__
&
+517:,
Od pdwulfh C fruuhvsrqg ã od  h{lelolwì gh od vwuxfwxuh uhqgxh lvrvwdwltxh sdu eor0
fdjh ghv ghjuìv gh olehuwì gh o*hqvhpeoh o1
Od pdwulfh pdvvh hw ohv prghv gh frusv uljlgh ìwdqw rugrqqìv vhorq od píph sduwlwlrq
+o hw _,/ rq frqvwuxlw xqh pdwulfh gh owudjh  ghv prghv gh frusv uljlgh whooh txh =
 ' U?? t-t A- +517;,
Od pdwulfh gh svhxgr0 h{lelolwì 7 gh od vwuxfwxuh oleuh hvw doruv rewhqxh sdu xqh
uhodwlrq frqjuxhqwh gh wudqvirupdwlrq gh od pdwulfh C sdu od pdwulfh gh owudjh 
whooh txh =
7 ' 
ACu +517<,
rü u hvw xqh pdwulfh gh orfdolvdwlrq ghv ghjuìv gh olehuwì gh o*hqvhpeoh 1
Prghv gh  h{lelolwì uìvlgxhooh +prghv g*dwwdfkh uìvlgxhov,
Ohv prghv gh  h{lelolwì uìvlgxhooh - +? { ,/ txh o*rq dsshooh ìjdohphqw prghv g*dw0
wdfkh uìvlgxhov rx uìvlgxv vwdwltxhv/ vrqw lqwurgxlwv gdqv ohv whfkqltxhv gh v|qwkëvh
prgdoh sdu PdfQhdo ^86` hw Uxelq ^98`1 Fhv prghv vrqw dqdorjxhv ã ghv prghv g*dw0
wdfkh 7 dx{txhov rq d uhwluì od frqwulexwlrq vwdwltxh ghv prghv sursuhv gìmã uhwhqxv
gdqv od uhsuìvhqwdwlrq gx prxyhphqw gh od vrxv0vwuxfwxuh1 Gdqv oh fdv gh prghv qru0
pdx{ ã lqwhuidfh oleuh/ o*h{suhvvlrq ghv prghv gh  h{lelolwì uìvlgxhooh hvw gìqlh sdu od
uhodwlrq vxlydqwh =
- ' 7  t(\3( t A(uA +5183,
rü t( hvw od pdwulfh prgdoh wurqtxìh ghv prghv ã lqwhuidfh oleuh gìirupdeohv/ hw \(
od pdwulfh vshfwudoh dvvrflìh1
7:
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Fkdslwuh 6
V|qwkëvh ghv pìwkrghv gh
uìgxfwlrq
Fh fkdslwuh hvw gìglì dx{ udsshov gìwdlooìv ghv whfkqltxhv gh uìgxfwlrq ohv soxv fodv0
vltxhv gdqv oh grpdlqh iuìtxhqwlho1 O*ìqxpìudwlrq sursrvìh qh shxw íwuh h{kdxvwlyh/ oh
vxmhw d|dqw idlw o*remhw gh qrpeuhx{ wudydx{ hw gìyhorsshphqwv1 Ohv surfìgxuhv vrqw
irupxoìhv gdqv xqh dssurfkh gh v|qwkëvh prgdoh > hoohv vrqw qìdqprlqv dssolfdeohv
hq frqghqvdwlrq sxuh/ o*hqvhpeoh ghv ghjuìv gh olehuwì  hvw doruv ylgh hw o*hqvhpeoh s
gìjìqëuh hq o*hqvhpeoh e1
Gdqv od suhplëuh sduwlh gx fkdslwuh/ qrxv wudlwrqv ghv whfkqltxhv gh v|qwkëvh pr0
gdoh gdqv ohvtxhoohv ohv vrxv0vwuxfwxuhv frqghqvìhv vrqw dvvhpeoìhv h{solflwhphqw vxu
ohv ghjuìv gh olehuwì gh mrqfwlrq1 Fhwwh surfìgxuh frppxqh gh frxsodjh sdu vlpsoh or0
fdolvdwlrq ghv ghjuìv gh olehuwì/ suìvhqwìh gdqv oh sdudjudskh 51719/ hvw doruv gìwdlooìh1
Od vhfrqgh sduwlh hvw frqvdfuìh dx{ whfkqltxhv gh v|qwkëvh prgdoh gh w|sh PdfQhdo
^86` hw Uxelq ^98`1 O*dvvhpeodjh vsìfltxh ã fhv ghx{ pìwkrghv hvw edvì vxu o*ìolpl0
qdwlrq ghv hruwv gh oldlvrq uìvlgxhov +fi sdudjudskh 51719, hw shuphw o*rewhqwlrq g*xq
prgëoh uìgxlw qdo h{hpsw ghv ghjuìv gh olehuwì gh mrqfwlrq1
Ohv pìwkrghv gh vxevwlwxwlrq prgdoh gh Ehqhog hw Kuxgd ^:` hw gh Jodgzhoo ^64`
qh vrqw sdv suìvhqwìhv gdqv fh fkdslwuh1 Frqfhuqdqw fhv whfkqltxhv sduwlfxolëuhv/ rq vh
uìiëuh ã o*rxyudjh g*Lpehuw ^75`1
Dq g*dooìjhu od suìvhqwdwlrq/ ohv whuphv g*dpruwlvvhphqw +pdwulfh , vrqw yrorq0
wdluhphqw rplv gdqv ohv ìtxdwlrqv gh fh fkdslwuh1
7<
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614 Whfkqltxhv ã edvh gh wudqvirupdwlrqv frqjuxhq0
whv
Gdqv ohv pìwkrghv suìvhqwìhv fl0dsuëv/ ohv rsìudwlrqv gh uìgxfwlrq hw g*dvvhpeodjh ghv
vrxv0vwuxfwxuhv vrqw uìdolvìhv xqltxhphqw sdu ghv uhodwlrqv gh wudqvirupdwlrqv frq0
juxhqwhv1 Rq udsshooh o*ìtxdwlrq g*ìtxloleuh +515:, yìulìh sdu oh prgëoh uìgxlw qdo
rewhqx dsuëv uìgxfwlrq hw dvvhpeodjh ghv vrxv0vwuxfwxuhv =
~-8 ^-8 '
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rü o*lpsìgdqfh gx prgëoh uìgxlw qdo ~-8 hvw od vrpph ghv lpsìgdqfhv ghv R vrxv0
vwuxfwxuhv uìgxlwhv hw dvvhpeoìhv =
~-8 '
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61414 Uìgxfwlrq g|qdpltxh
Od whfkqltxh gh uìgxfwlrq g|qdpltxh frqvlvwh ã uhsuìvhqwhu oh frpsruwhphqw gh od
vrxv0vwuxfwxuh vxu xq qrpeuh uìgxlw gh frrugrqqìhv dx pr|hq g*xqh wudqvirupdwlrq
A(t E/ gìshqgdqw gh od sxovdwlrq /1 Oh prgëoh uìgxlw hvw h{sulpì vxu xq hqvhpeoh
gh ghjuìv gh olehuwì sk|vltxhv1 Vrxv fhuwdlqhv frqglwlrqv gh vroolflwdwlrqv/ oh frpsru0
whphqw g|qdpltxh gx prgëoh lqlwldo hvw h{dfwhphqw suìvhuyì sdu oh prgëoh uìgxlw1
O*lqfrqyìqlhqw pdmhxu gh fhwwh pìwkrgh uìvlgh gdqv oh frþw gh fdofxo h{fhvvli gh od
pdwulfh gh wudqvirupdwlrq g|qdpltxh1 Rq v*dudqfklw gh fh sureoëph sdu ghv whfk0
qltxhv g*dssur{lpdwlrq rx olqìdulvdwlrq gh od wudqvirupdwlrq1 Dlqvl/ ohv whfkqltxhv gh
Jx|dq ^69` hw Fudlj0Edpswrq ^57` vrqw frqvlgìuìhv frpph ghv pìwkrghv dssurfkìhv
gh od whfkqltxh gh uìgxfwlrq g|qdpltxh1 G*dxwuhv pìwkrghv gh uìgxfwlrq/ lvvxhv gh
olqìdulvdwlrqv soxv d!qìhv gh od wudqvirupdwlrq A(t E// gìulyhqw gh fhwwh whfkqltxh >
flwrqv ohv yduldqwhv gh Erxkdggl hw Iloorg ^45` ^46` hw ohv wudydx{ gh Ohxqj ^7;` ^7<`1
Vrlw o*ìtxloleuh g*xqh vrxv0vwuxfwxuh vrxplvh ã ghv fkdujhphqwv g|qdpltxhv =
g  /2 + ' s +616,
Hq dgrswdqw xqh sduwlwlrq vxu ohv ghx{ hqvhpeohv gh ghjuìv gh olehuwì frpsoìphq0
wdluhv s +s '   e, hw S/ od uhodwlrq +616, ghylhqw =+%
gss gsS
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Rq uììfulw oh jurxsh ghv S oljqhv gh o*ìtxdwlrq +617, vrxv od iruph =
+S ' 

gSS  /2SS

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
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
+s n sS

+618,
Hq o*devhqfh gh fkdujhphqwv g|qdpltxhv sS vxu o*hqvhpeoh S ghv ghjuìv gh olehuwì/
rq gìqlw dlqvl od uhodwlrq gh wudqvirupdwlrq g|qdpltxh A(t E/ =%
+s
+S
&
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%
Uss
 dgSS  /2SSo3 dgSs  /2Ss o
&
+s ] A(t E/+s +619,
Oh prgëoh uìgxlw rewhqx sdu fhwwh wudqvirupdwlrq hvw h{sulpì vxu ohv ghjuìv gh
olehuwì +s 1 Lo suìvhuyh h{dfwhphqw oh frpsruwhphqw g|qdpltxh gx prgëoh lqlwldo ã od
sxovdwlrq / frqvlgìuìh hq o*devhqfh gh vroolflwdwlrqv g|qdpltxhv sS vxu ohv ghjuìv gh
olehuwì +S frqghqvìv1
Gìqlwlrq Rq dsshooh v|vwëph eortxì rx frqwudlqw od uhvwulfwlrq gx v|vwëph g|qd0
pltxh dx{ ghjuìv gh olehuwì frqghqvìv sdu xqh wudqvirupdwlrq g|qdpltxh rx gìulyìh1
61415 Uìgxfwlrq vwdwltxh gh Jx|dq0Lurqv
Whfkqltxh lqlwldohphqw lqwurgxlwh sdu Su}hplhqlhfnl ^95` gdqv oh fdguh gh o*dqdo|vh
vwdwltxh sdu vrxv0vwuxfwxudwlrq/ rq dwwulexh ã Jx|dq ^69` hw Lurqv ^76` vrq dssolfdwlrq
ã o*ìwxgh gx frpsruwhphqw g|qdpltxh ghv vwuxfwxuhv1
Wudqvirupdwlrq vwdwltxh AC
Od pdwulfh gh wudqvirupdwlrq AC hvw frqvwlwxìh xqltxhphqw ghv prghv vwdwltxhv gh
oldlvrq/ rx prghv frqwudlqwv/ gìqlv gdqv oh sdudjudskh 51915 sdu od uhodwlrq +5174,1 Od
uhodwlrq gh frqghqvdwlrq v*ìfulw =
+ ' AC+s +61:,
rü AC ' Xs 1
Vrlw hq gìyhorssdqw ohv sduwlwlrqv s hw S =%
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Ohv prghv frqwudlqwv Xs vrqw dvvrflìv dx{ ghjuìv gh olehuwì gh o*hqvhpeoh s / f*hvw
ã gluh ohv ghjuìv gh olehuwì gh mrqfwlrq + lpsrvìv gh od vrxv0vwuxfwxuh hw ohv ghjuìv
gh olehuwì lqwhuqhv +e1 Fhuwdlqv ghjuìv gh olehuwì lqwhuqhv vrqw ìjdohphqw lpsrvìv srxu
glìuhqwv prwliv whov txh = od frqiurqwdwlrq hqwuh fdofxov hw phvxuhv/ od ylvxdolvdwlrq ghv
prghv sursuhv/ od sulvh hq frpswh vwdwltxh gh vroolflwdwlrqv h{wìulhxuhv/ o*ìodujlvvhphqw
gx grpdlqh iuìtxhqwlho gh ydolglwì gh od frqghqvdwlrq1
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Prgëoh uìgxlw dvvrflì
Oh prgëoh uìgxlw gh vrxv0vwuxfwxuh/ lvvx gh od uìgxfwlrq vwdwltxh/ vdwlvidlw o*ìtxdwlrq
g*ìtxloleuh vxlydqwh = 
gC  /2C

+s ' ss nX
A
SssS +61<,
rü gC ' A
A
CgAC/ C ' A
A
CAC hw XSs ' g3SS gSs 1
Ohv pdwulfhv uìgxlwhv gh uljlglwì gC hw gh pdvvh C vrqw sohlqhv/ gh glphqvlrq
+s { s, hw dgrswhqw srxu h{suhvvlrq olwwìudoh =
gC ' gss ngsSXSs
C 'ss nsSXSs nX
A
Ss dSs nSSXSs o
+6143,
Oh prgëoh uìgxlw sdu wudqvirupdwlrq vwdwltxh suìvhuyh h{dfwhphqw oh frpsruwhphqw
vwdwltxh gx prgëoh lqlwldo hq o*devhqfh gh fkdujhphqw vxu o*hqvhpeoh S ghv ghjuìv gh
olehuwì frpsoìphqwdluhv/ frqghqvìv vxlydqw od uhodwlrq +61;,1
Grpdlqh iuìtxhqwlho gh ydolglwì
Od pdwulfh gh wudqvirupdwlrq vwdwltxh AC fruuhvsrqg ã od pdwulfh gh wudqvirupdwlrq
g|qdpltxh A(t E/ gdqv odtxhooh rq qìjoljh ohv hhwv g|qdpltxhv gxv ã o*lqhuwlh gh od
vwuxfwxuh uhvwuhlqwh ã o*hqvhpeoh S1 Hooh hvw grqf xwlolvdeoh gdqv oh grpdlqh ghv edvvhv
iuìtxhqfhv srxu ohtxho lo hvw mxvwlì gh uhpsodfhu EgSS  /2SS3 sdu g3SS 1
Rq shxw hvwlphu oh grpdlqh gh ydolglwì gx prgëoh uìgxlw sdu frqghqvdwlrq vwdwltxh
ã o*dlgh g*xq fdofxo dx{ ydohxuv sursuhv dqqh{h1 Lo v*djlw gh gìwhuplqhu od iuìtxhqfh gh
frxsxuh soS fruuhvsrqgdqw ã od suhplëuh iuìtxhqfh sursuh gx v|vwëph eortxì +uhvwuhlqw
vxu o*hqvhpeoh S ghv ghjuìv gh olehuwì frqghqvìv, =
gSS  /2SS

+S ' f +6144,
Erxkdggl hw Iloorg ^47` hvwlphqw oh prgëoh uìgxlw ydodeoh gdqv xqh edqgh iuìtxhq0
wlhooh df soS*o1
Fkrl{ ghv ghjuìv gh olehuwì frqvhuyìv +pdñwuhv,
Od txdolwì ghv vroxwlrqv lvvxhv gx prgëoh uìgxlw gìshqg irqgdphqwdohphqw gx fkrl{
ghv ghjuìv gh olehuwì frqvhuyìv +hqvhpeoh s,1 Soxvlhxuv dxwhxuv rqw sursrvì ghv surfì0
gxuhv gh fkrl{ gh fhv ghjuìv gh olehuwì1 Khqvkhoo hw Rqj ^6;` hw Vkdk hw Ud|pxqg ^9<`
xwlolvhqw xq fkrl{ edvì vxu xqh frqghqvdwlrq vwdwltxh lwìudwlyh = ã fkdtxh lwìudwlrq/ rq
ìolplqh oh ghjuì gh olehuwì fruuhvsrqgdqw dx udssruw oh soxv ìohyì ghv whuphv gldjrqdx{
+g_@}*_@} ghv pdwulfhv g*ìwdw frqghqvìhv ã o*ìwdsh suìfìghqwh1
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Soxv uìfhpphqw/ ghv whfkqltxhv h{sorlwdqw o*lqirupdwlrq frqwhqxh gdqv od edvh pr0
gdoh oleuh wurqtxìh rqw ìwì gìyhorssìhv1 Rq shxw hq hhw hvwlphu txh oh frþw g*xqh
h{wudfwlrq prgdoh olplwìh hvw dffhswdeoh srxu ghv vwuxfwxuhv rx ghv vrxv0vwuxfwxuhv gh
wdlooh udlvrqqdeoh1 O*xwlolvdwlrq gh od pdwulfh prgdoh shuphw gh jdudqwlu xqh erqqh re0
vhuydwlrq ghv prghv uhfkhufkìv1 Rq vh uìiëuh dx{ wudydx{ gh Odoohphqw hw Udpdqlwudqmd
^79` ^96` ^97` frqfhuqdqw oh fkrl{ ghv ghjuìv gh olehuwì gdqv oh fdguh g*xqh frqghqvdwlrq
sxuh hw dx{ surfìgxuhv gìyhorssìhv sdu Erxkdggl hw Iloorg ^48` gdqv oh fdguh gh od
vrxv0vwuxfwxudwlrq1
Rq udsshooh tx*xqh whfkqltxh gh vìohfwlrq vrxv0rswlpdoh sdu vlpsoh idfwrulvdwlrq
TU dyhf slyrwdjh ^67` gh od wudqvsrvìh gh od pdwulfh prgdoh oleuh grqqh ghv uìvxowdwv
wrxw ã idlw dffhswdeohv1 F*hvw hq hhw xqh surfìgxuh udslgh shuphwwdqw gh gìwhuplqhu
R ghjuìv gh olehuwì ã uhwhqlu ã sduwlu g*xqh pdwulfh prgdoh frqvwlwxìh gh R prghv
oleuhv1
Gdqv oh fdguh gh od vrxv0vwuxfwxudwlrq/ ohv ghjuìv gh olehuwì gh iurqwlëuh ìwdqw lp0
srvìv/ rq dssoltxh od idfwrulvdwlrq vxu oh vrxv0hvsdfh ruwkrjrqdo dx vrxv0hvsdfh gìql
sdu ohv gluhfwlrqv lpsrvìhv ghv ghjuìv gh olehuwì gh iurqwlëuh1 Rq vh uìiëuh ã o*dqqh{h D
srxu oh gìwdlo rsìudwrluh1 Lo hvw ìjdohphqw srvvleoh g*rsìuhu xq fkrl{ gh w|sh TU vxu
od edvh gh prghv ã iurqwlëuh eortxìh dvvrflìv1
Wudqvirupdwlrq vwdwltxh sdu edqgh gh iuìtxhqfhv
Xqh yduldqwh gh od wudqvirupdwlrq vwdwltxh frqvlvwh ã lqfoxuh ohv hhwv g*lqhuwlh gh
od vwuxfwxuh eortxìh ã xqh sxovdwlrq /f ' 2Zsof grqqìh/ sof ìwdqw od iuìtxhqfh gh
gìfdodjh ã sduwlu gh odtxhooh rq frqvwuxlw od wudqvirupdwlrq =
A/fC '
%
Uss
 dgSS  /2fSSo3 dgSs  /2fSs o
&
+6145,
Oh prgëoh uìgxlw hvw ydodeoh gdqv xqh edqgh gh iuìtxhqfhv fhqwuìh vxu od iuìtxhqfh
gh gìfdodjh sof > od odujhxu gx grpdlqh gh ydolglwì hw od gìwhuplqdwlrq ghv iuìtxhqfhv
gh gìfdodjh vrqw glvfxwìhv gdqv ^9;`1
Sursulìwìv xwlohv
 Prghv gh frusv uljlgh
Gdqv o*k|srwkëvh rü od vwuxfwxuh suìvhqwh ghv prxyhphqwv g*hqvhpeoh/ lo hvw srvvleoh
gh gìwhuplqhu xqh pdwulfh ghv prghv gh frusv uljlgh t- ã o*dlgh gh od wudqvirupdwlrq
vwdwltxh1 Gdqv oh fdv gh o ' S prghv uljlghv/ od pdwulfh gh wudqvirupdwlrq AC- rewhqxh
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sdu frqghqvdwlrq vwdwltxh vxu xq qrhxg + wudqvodwlrqv/  urwdwlrqv, gh od vwuxfwxuh hvw
xqh pdwulfh ghv prghv gh frusv uljlgh =
t- ' AC- '
%
Uoo
g3__ g_o
&
+6146,
O*ìqhujlh gh gìirupdwlrq dvvrflìh ã xq prgh uljlgh hvw qxooh1 Dlqvl/ ohv prghv uljlghv
yìulhqw ohv uhodwlrqv pdwulflhoohv =
gt- ' f +6147,
hw =
\- ' t
A
-gt- ' f +6148,
Vrlw hq gìyhorssdqw +6147, vhorq od sduwlwlrq hq vrxv0hqvhpeohv o hw _ hw ã o*dlgh gh
od pdwulfh ghv prghv gh frusv uljlgh gìqlh hq +6146, =%
goo go_
g_o g__
&%
Uoo
g3__ g_o
&
'
%
goo go_g3__ g_o
f
&
' f +6149,
Rq rewlhqw xqh sursulìwì ghv pdwulfhv gh udlghxu suìvhqwdqw xq gìidxw gh udqj o =
goo go_g3__ g_o ' f +614:,
 Pdwulfh gh pdvvh gh frusv uljlgh
Rq gìqlw oh uhsëuh -S grqw o*ruljlqh hvw oh qrhxg gh frqghqvdwlrq hw grqw ohv d{hv
vrqw ohv d{hv gx uhsëuh joredo1 Od pdwulfh gh pdvvh frqghqvìh sdu od wudqvirupdwlrq AC-
q*hvw dxwuh txh od pdwulfh gh pdvvh gh frusv uljlgh h{sulpìh gdqv oh uhsëuh -S +614;,1
Hq hhw/ ohv S yhfwhxuv txl iruphqw t- fruuhvsrqghqw dx{ gìsodfhphqwv gh frusv uljlgh
lqgxlwv sdu ohv yduldwlrqv vxffhvvlyhv g*xq vhxo ghjuì gh olehuwì gx qrhxg vìohfwlrqqì1
C- ' A
A
C-
AC- +614;,
vrlw =
C- '
599999999997
6 f f f 65} 6+}
6 f 65} f 6%}
6 6+} 6%} f
U%% U%+ U%5
r+6 U++ U+5
U55
6::::::::::8
+614<,
dyhf6 od pdvvh gx prgëoh/ %}/ +}/ 5} ohv frrugrqqìhv gx fhqwuh gh pdvvh gdqv oh uhsëuh
-S/ U%%/ U++/ U55 ohv prphqwv g*lqhuwlh hw U%+/ U%5/ U+5 ohv surgxlwv g*lqhuwlh h{sulpìv
gdqv oh uhsëuh -S1
87
6141 Whfkqltxhv ã edvh gh wudqvirupdwlrqv frqjuxhqwhv
61416 Pìwkrgh gh Fudlj0Edpswrq
Whfkqltxh gh v|qwkëvh prgdoh od soxv frxudpphqw hpsor|ìh/ od pìwkrgh gh Fudlj0
Edpswrq ^57` uhsrvh vxu o*hqulfklvvhphqw gh od wudqvirupdwlrq vwdwltxh AC sdu ohv
yhfwhxuv sursuhv [ gh od vrxv0vwuxfwxuh ã mrqfwlrq eortxìh1 Fhwwh wudqvirupdwlrq hvw
xwlolvdeoh hq frqghqvdwlrq sxuh1 Od edvh ghv prghv eortxìv [ dvvrflìh ã od wudqvirupd0
wlrq AC frqvwlwxh doruv xqh h{fhoohqwh edvh gh Ulw} hw oh grpdlqh gh ydolglwì dxjphqwh
frqvlgìudeohphqw ylv0ã0ylv g*xqh vlpsoh wudqvirupdwlrq vwdwltxh1
Wudqvirupdwlrq gh Fudlj0Edpswrq A
Od wudqvirupdwlrq A fodvvltxh gh w|sh Fudlj0Edpswrq hvw gìqlh vxu ohv hqvhpeohv
 ghv ghjuìv gh olehuwì gh mrqfwlrq hw  ghv ghjuìv gh olehuwì lqwhuqhv =
A '
k
AC [
l
+6153,
Rq rewlhqw dlqvl od uhodwlrq gh frqghqvdwlrq gh od vrxv0vwuxfwxuh hq frrugrqqìhv
pl{whv = %
+
+
&
'
%
U f
X [
&%
+
S
&
+6154,
rü X ' g3 g hw S ohv R frrugrqqìhv jìqìudolvìhv dvvrflìhv ã od surmhfwlrq ghv
gìsodfhphqwv lqwhuqhv vxu ohv R yhfwhxuv sursuhv gh od vwuxfwxuh fdofxoìv ã mrqfwlrq
eortxìh1
Od irupxodwlrq gh Fudlj0Edpswrq hvw frqvlgìuìh frpph xqh pìwkrgh dssurfkìh gh
od wudqvirupdwlrq g|qdpltxh A(t E/
21 Hq hhw/ od uhodwlrq gh frqghqvdwlrq g|qdpltxh
+619, uhvwuhlqwh dx{ ghjuìv gh olehuwì lqwhuqhv  v*ìfulw =
+ ' 

g  /2

3

g  /2

+ +6155,
Hq gìyhorssdqw oh whuph gh  h{lelolwì g|qdpltxh gx v|vwëph eortxì +uhvwuhlqw vxu
o*hqvhpeoh  ghv ghjuìv gh olehuwì frqghqvìv, vxu od edvh ghv yhfwhxuv sursuhv dvvrflìv
who txh =

g  /2

3
'
[
D'
[D[
A
D
{D  /2 ' [s[
A
 +6156,
'
[
D'
[D[
A
D


{D
n
/2
{D E{D  /2

+6157,
' [{
3[A n[hs[A +6158,
' g3 n[
hs[A +6159,
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Vrlw/ gdqv o*ìtxdwlrq +6155, =
+ ' 
k
g3 g n[
khs[A g  /2s[A ll + +615:,
Rq sduylhqw dlqvl ã od irupxodwlrq gh Fudlj0Edpswrq =
+ ' g3 g+ n[S +615;,
Prgëoh uìgxlw dvvrflì
Iruphoohphqw/ oh prgëoh uìgxlw gh vrxv0vwuxfwxuh/ lvvx gh od uìgxfwlrq sdu xqh wudqv0
irupdwlrq gh Fudlj0Edpswrq/ vdwlvidlw o*ìtxdwlrq g*ìtxloleuh vxlydqwh frpswh0whqx ghv
uhodwlrqv gh qruph hpsor|ìhv =+%
gC f
f {
&
 /2
%
C X
A
 [
[AX U
&,%
+
S
&
'
%
s nX
A
s
[A s
&
+615<,
rügC hwC vrqw ohv pdwulfhv gh udlghxu hw gh pdvvh frqghqvìhv sdu wudqvirupdwlrq
vwdwltxh uìdolvìh vxu o*hqvhpeoh  ghv ghjuìv gh olehuwì hw { od pdwulfh ghv ydohxuv
sursuhv dvvrflìhv dx{ prghv ã lqwhuidfh eortxìh [1 Rq qrwh txh od pdwulfh gh udlghxu
frqghqvìh hvw gldjrqdoh hq vrxv0pdwulfhv1
Hqulfklvvhphqw gh od edvh sdu ghv prghv vwdwltxhv
Lo hvw srvvleoh g*hqulfklu od edvh ghv prghv eortxìv [ sdu ghv gìirupìhv vwdwltxhv (
gx v|vwëph eortxì1 Sdu fh surfìgì/ rq fkhufkh ã frpsoìwhu od edvh sdu xq vrxv0hvsdfh
gh gìsodfhphqw xwloh ã od uhsuìvhqwdwlrq gx frpsruwhphqw/ ruwkrjrqdo ã od edvh hw
frpsrvì gh yhfwhxuv olqìdluhphqw lqgìshqgdqwv1 O*dgmrqfwlrq g*xqh vrxv0edvh vwdwltxh
shuphw ìjdohphqw g*dvvxuhu od sulvh hq frpswh gh od sduwlh vwdwltxh gh vroolflwdwlrqv
lqwhuqhv ã od vrxv0vwuxfwxuh1
Od wudqvirupdwlrq A hqulfklh ghylhqw =
A '
k
AC [ (
l
+6163,
Vrlw o*h{suhvvlrq gh od uhodwlrq gh frqghqvdwlrq =
%
+
+
&
'
%
U f f
X [ (
&5997
+
S

6::8 +6164,
Rq shxw hpsor|hu ghv yhfwhxuv vwdwltxhv dgglwlrqqhov ã frqglwlrq gh ohxu idluh vxelu
xq wudlwhphqw dgìtxdw/ ã vdyrlu o*h{wudfwlrq gh od sduwlh ruwkrjrqdoh +sdu udssruw ã od
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pdvvh, dx{ prghv [ gx v|vwëph eortxì/ sxlv od qrupdolvdwlrq sdu udssruw ã od pdvvh
gx v|vwëph eortxì/ hw hqq o*ìolplqdwlrq ghv frorqqhv olqìdluhphqw gìshqgdqwhv1
O*xwlolvdwlrq gh uìsrqvhv vwdwltxhv uìvlgxhoohv ( ' -8 lvvxhv gx v|vwëph eortxì
vlpsolh ohv surfìgxuhv gh wudlwhphqw =
-8 ' 78 [{3[A 8 +6165,
rü 7 hvw od  h{lelolwì gx v|vwëph eortxì hw 8 od pdwulfh ghv fkdujhphqwv vwdwltxhv
dssoltxìv1
Lo frqylhqw vlpsohphqw g*dvvxuhu o*lqgìshqgdqfh olqìdluh ghv yhfwhxuv uìvlgxhov hw
g*hhfwxhu xqh rsìudwlrq gh qrupdolvdwlrq +yrlu fkdslwuh 7,1
Ohv uìsrqvhv vwdwltxhv uìvlgxhoohv qìfhvvdluhv ã od sulvh hq frpswh vwdwltxh g*hruwv
vxu ghv ghjuìv gh olehuwì lqwhuqhv +hqvhpeoh e, ã od vwuxfwxuh vrqw rewhqxhv hq dssoltxdqw
ghv fkdujhphqwv vwdwltxhv xqlwdluhv Ue vxffhvvliv vxu fhv ghjuìv gh olehuwì =
-e ' 7Ue [{3[A Ue +6166,
Ohv frrugrqqìhv jìqìudolvìhv  dvvrflìhv dx{ uìvlgxv vwdwltxhv -e fruuhvsrqghqw
dx{ vroolflwdwlrqv se lqwhuqhv ã od vrxv0vwuxfwxuh1
Wudqvirupdwlrq hq frrugrqqìhv sk|vltxhv
Od uhodwlrq gh wudqvirupdwlrq shxw íwuh irupxoìh hq frrugrqqìhv sk|vltxhv xqltxhphqw1
Rq dssoltxh od surfìgxuh gh uhwrxu hq frrugrqqìhv sk|vltxhv gìqlh gdqv oh sdudjudskh
51617 vxu od wudqvirupdwlrq hqulfklh gh uìsrqvhv vwdwltxhv uìvlgxhoohv dq gh suhqguh hq
frpswh g*ìyhqwxhov hruwv lqwhuqhv +6166,1
Vrlw od uhodwlrq gh wudqvirupdwlrq hq frrugrqqìhv pl{whv =%
+
+
&
'
%
U f f
X [ -e
&5997
+
S
se
6::8 +6167,
Hq dgrswdqw xqh sduwlwlrq ghv ghjuìv gh olehuwì lqwhuqhv +hqvhpeoh , hq  vrxv0
hqvhpeohv e/ 6/ r hw dsuëv xqh ìolplqdwlrq vxffhvvlyh ghv frrugrqqìhv jìqìudolvìhv S
hw ghv frrugrqqìhv gh w|sh hruw se/ rq rewlhqw od uhodwlrq gh wudqvirupdwlrq h{sulpìh
vxu ohv frrugrqqìhv gh gìsodfhphqw +/ +e/ +6 =599997
+
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6::::8 '
599997
U f f
f Uee f
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rü = h[e6 ' [e[36 hXe ' Xe  h[e6X6 h-ee ' -ee  h[e6-6eh[r6 ' [r[36 hXr ' Xr  h[r6X6 h-re ' -re  h[er-re
Fhwwh surfìgxuh shxw íwuh dssoltxìh oruvtxh o*rq hqulfklw od edvh eortxìh [ sdu
xqh edvh gh yhfwhxuv uìvlgxhov (1 Oh fkrl{ ghv ghjuìv gh olehuwì pdñwuhv +hqvhpeoh 6,
hvw doruv hhfwxì vxu od pdwulfh
k
[ (
l
1
61417 Pìwkrgh gh Pduwlqh} hw do1
Fhwwh whfkqltxh gh v|qwkëvh prgdoh ^87` uhsrvh vxu o*xwlolvdwlrq g*xqh edvh wurqtxìh gh
prghv oleuhv t ã odtxhooh rq dgmrlqw ohv prghv g*dwwdfkh uìvlgxhov fdofxoìv dx gurlw ghv
ghjuìv gh olehuwì gh mrqfwlrq +hqvhpeoh , hw ghv ghjuìv gh olehuwì srwhqwlhoohphqw h{fl0
wdeohv +hqvhpeoh e,1 Elhq txh fhwwh pìwkrgh h{sorlwh od gìfrpsrvlwlrq gx prxyhphqw
sursrvìh sdu PdfQhdo ^86`/ hooh vh glìuhqflh/ gdqv vd plvh hq rhxyuh/ sdu o*xvdjh gh
wudqvirupdwlrqv gh frqghqvdwlrq hw g*dvvhpeodjh frqjuxhqwhv1
Wudqvirupdwlrq gh Pduwlqh} hw do1 A
Od uhodwlrq gh wudqvirupdwlrq A hvw gìqlh ã sduwlu gh od uhodwlrq gh vxshusrvlwlrq
prgdoh gx prxyhphqw gh od vrxv0vwuxfwxuh dyhf fruuhfwlrq vwdwltxh +4187, dx gurlw ghv
hruwv dssoltxìv vxu o*hqvhpeoh s =
+ ' t Sn-sss +6169,
Frpswh0whqx gh od sduwlwlrq ghv ghjuìv gh olehuwì vxu ohv hqvhpeohv s +s '   e,
hw S/ rq rewlhqw xqh suhplëuh wudqvirupdwlrq A =%
+s
+S
&
'
%
ts -ss
tS -Ss
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S
ss
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ss
&
+616:,
Od uhodwlrq +616:, idlw dssdudñwuh ghv frrugrqqìhv ss gh w|sh hruwv txh o*rq ìol0
plqh dx surw ghv frrugrqqìhv +s gh gìsodfhphqw fruuhvsrqgdqwhv1 Dlqvl/ uhvwuhlqwh ã
o*hqvhpeoh S/ o*h{suhvvlrq +616:, ghylhqw =
ss ' -
3
ss d+s  tsSo +616;,
D o*dlgh gh od uhodwlrq +616;,/ Pduwlqh} hw do1 gìqlvvhqw xqh vhfrqgh wudqvirupdwlrq
A2 = %
S
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'
%
f USS
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Oh surgxlw ghv wudqvirupdwlrqv AA2 jìqëuh od uhodwlrq gh frqghqvdwlrq h{0
sulpìh hq frrugrqqìhv pl{whv =%
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+6173,
Prgëoh uìgxlw dvvrflì
Frpswh0whqx gh od qruph hpsor|ìh/ oh prgëoh uìgxlw gh vrxv0vwuxfwxuh/ rewhqx sdu
frqghqvdwlrq ã o*dlgh gh od wudqvirupdwlrq A/ vdwlvidlw o*ìtxdwlrq g*ìtxloleuh hq o*de0
vhqfh gh vroolflwdwlrqv vxu o*hqvhpeoh S =+%
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Ohv ghjuìv gh olehuwì +s hw ohv frrugrqqìhv jìqìudolvìhv S vrqw frxsoìv sdu ohv pdwulfhv
uìgxlwhv gh udlghxu hw gh pdvvh gh od vrxv0vwuxfwxuh1
Rq vh uìiëuh ã ^53` hw ^87` frqfhuqdqw oh gìwdlo rsìudwrluh frqgxlvdqw ã od uhodwlrq
+6174,1
Oh prgëoh uìgxlw rewhqx suìvhuyh/ gh pdqlëuh txdvl0sduidlwh/ oh frpsruwhphqw g|0
qdpltxh +hw vwdwltxh, gx prgëoh lqlwldo gh od vrxv0vwuxfwxuh/ gdqv xqh edqgh iuìtxhq0
wlhooh fruuhvsrqgdqw dx{ prghv oleuhv lqfoxv gdqv od wudqvirupdwlrq/ hw vrxplv ã ghv
fkdujhphqwv g|qdpltxhv +hw vwdwltxhv, vxu o*hqvhpeoh s ghv ghjuìv gh olehuwì1
Wudqvirupdwlrq hq frrugrqqìhv sk|vltxhv
Od uhodwlrq gh wudqvirupdwlrq A shxw íwuh h{sulpìh hq frrugrqqìhv sk|vltxhv xql0
txhphqw1 Srxu fhod/ lo frqylhqw gh frqvlgìuhu od sduwlwlrq gh o*hqvhpeoh S hq 2 vrxv0
hqvhpeohv 6 hw r1 Dsuëv ìolplqdwlrq vxffhvvlyh rx vlpxowdqìh ghv frrugrqqìhv jìqìud0
olvìhv S hw ghv frrugrqqìhv gh w|sh hruwv ss / rq frqvwuxlw xqh wudqvirupdwlrq h{sulpìh
vxu ohv frrugrqqìhv gh gìsodfhphqw +s hw +6 whooh txh =5997
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Fkdslwuh 61 V|qwkëvh ghv pìwkrghv gh uìgxfwlrq
Od edvh prgdoh oleuh t shxw íwuh hqulfklh gh uìsrqvhv vwdwltxhv uìvlgxhoohv -{
ghvwlqìhv ã dffurñwuh od urexvwhvvh gh od wudqvirupdwlrq gdqv oh fdguh gh uìdqdo|vhv gx
prgëoh shuwxueì +dvshfwv gìyhorssìv gdqv oh fkdslwuh 7,1 Oh fkrl{ ghv ghjuìv gh olehuwì
pdñwuhv +hqvhpeoh 6, hvw doruv hhfwxì vxu od pdwulfh
k
t -{
l
1
61418 Dvvhpeodjh h{solflwh sdu orfdolvdwlrq vxu ohv ghjuìv gh
olehuwì gh mrqfwlrq
O*dvvhpeodjh ghv vrxv0vwuxfwxuhv frqghqvìhv hvw uìdolvì h{solflwhphqw vxu ohv ghjuìv gh
olehuwì gh mrqfwlrq gh pdqlëuh dqdorjxh ã xqh surfìgxuh g*dvvhpeodjh ìoìphqwdluh1
Vrlw od iruph frppxqh ghv uhodwlrqv gh wudqvirupdwlrqv g|qdpltxh/ vwdwltxh/ gh
Fudlj0Edpswrq rx gh Pduwlqh} hw do1/ g*xqh vrxv0vwuxfwxuh &/ h{sulpìh vxu ohv ghjuìv
gh olehuwì gh mrqfwlrq +& hw ghv frrugrqqìhv frpsoìphqwdluhv ^
&
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O*ìtxloleuh g*xqh vrxv0vwuxfwxuh & frqghqvìh hvw grqqì sdu od uhodwlrq +6177, =
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O*rsìudwhxu g*dvvhpeodjh hvw xqh pdwulfh gh orfdolvdwlrq u& ghv frrugrqqìhv uì0
gxlwhv +& hw ^
&
o vxu o*hqvhpeoh ghv frrugrqqìhv ghv vrxv0v|vwëphv uìgxlwv ^-8 1 Vrlw/
srxu R vrxv0vwuxfwxuhv frqqhfwìhv vxu xqh píph iurqwlëuh =
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Oh prgëoh uìgxlw qdo h{sulpì vxu ohv frrugrqqìhv ^-8 vdwlvidlw od uhodwlrq g*ìtxl0
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Ohv ghjuìv gh olehuwì gh mrqfwlrq + frqvwlwxhqw o*hvvhqwlho ghv frrugrqqìhv ^-8 gx
v|vwëph uìgxlw qdo1 Fhod frqvwlwxh xq lqfrqyìqlhqw fhuwdlq hq whuph gh wdlooh oruv gh
od uìgxfwlrq g*xqh vwuxfwxuh frpsoh{h pdlooìh qhphqw1
615 Pìwkrghv gh w|sh PdfQhdo
Ohv pìwkrghv gh v|qwkëvh prgdoh gìyhorssìhv sdu PdfQhdo ^86` hw Uxelq ^98` suìvhq0
whqw ghv dvshfwv vsìfltxhv/ qrwdpphqw gdqv od skdvh g*dvvhpeodjh ghv vrxv0vwuxfwxuhv1
Oh frxsodjh hvw uìdolvì sdu xq surfìgì g*ìolplqdwlrq ghv hruwv gh oldlvrq uìvlgxhov hw
shuphw o*rewhqwlrq g*xq prgëoh uìgxlw qdo h{hpsw gh frrugrqqìhv uhodwlyhv dx{ mrqf0
wlrqv ghv vrxv0vwuxfwxuhv1Rq suìvhqwh ohv pìwkrghv gdqv oh fdv g*xq dvvhpeodjh gh ghx{
vrxv0vwuxfwxuhv ^58`/ vrxplvhv ã ghv vroolflwdwlrqv h{wìulhxuhv1
61514 Pìwkrgh gh PdfQhdo
Ohv gìsodfhphqwv gh vrxv0vwuxfwxuh vrqw surmhwìv vxu xqh edvh frqvwlwxìh gh prghv
oleuhv hw gh prghv gh  h{lelolwì uìvlgxhooh fdofxoìv dx gurlw ghv ghjuìv gh olehuwì vroolflwìv
gh o*hqvhpeoh s =
+ ' t Sn-sss +617:,
Frqghqvdwlrq gh PdfQhdo
PdfQhdo xwlolvh xq surgxlw gh wudqvirupdwlrq qrq v|pìwultxh oruv gh od frqghqvdwlrq
gh od vrxv0vwuxfwxuh +yrlu sdudjudskh 51717,1 Srxu xqh vrxv0vwuxfwxuh &/ hq dgrswdqw
xqh sduwlwlrq vhorq ohv hqvhpeohv  hw / od uhodwlrq +617:, gìqlw od wudqvirupdwlrq gh
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Od wudqvirupdwlrq gh jdxfkh A &} hvw frqvwlwxìh vlpsohphqw gh od edvh prgdoh
oleuh wurqtxìh t & =
A &} ' t
& +617<,
Prgëoh uìgxlw dvvrflì
Dsuëv uìgxfwlrq hhfwxìh sdu oh surgxlw ghv wudqvirupdwlrqv gh gurlwh A &_ hw gh
jdxfkh A &} / rq rewlhqw od uhodwlrq g*ìtxloleuh gh od vrxv0vwuxfwxuh uìgxlwh =
t &
A 
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Frpswh0whqx ghv uhodwlrqv g*ruwkrjrqdolwì +4186, hqwuh prghv oleuhv hw uìvlgxv/ fhod
qrxv frqgxlw ã = 
\&  /2U& S& ' t &A s& n t &Ae s&e +6184,
Dvvhpeodjh gh ghx{ vrxv0vwuxfwxuhv
Oh frxsodjh ghv vrxv0vwuxfwxuhv sdu ìolplqdwlrq ghv irufhv gh oldlvrq h{sorlwh ohv uhod0
wlrqv gh frpsdwlelolwì +5154, hw +5155, dlqvl txh od uhodwlrq gh surmhfwlrq gx prxyhphqw
ghv vrxv0vwuxfwxuhv +617:, uhvwuhlqwh ã o*hqvhpeoh  ghv ghjuìv gh olehuwì1 Ohv hruwv gh
mrqfwlrq ghv vrxv0vwuxfwxuhv  hw 2 vrqw h{sulpìv sdu od uhodwlrq =
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O*h{suhvvlrq +6185, lqwurgxlwh gdqv ohv uhodwlrqv +6184, dvvrflìhv ã fkdtxh vrxv0
vwuxfwxuh qrxv grqqh o*ìtxloleuh gx prgëoh uìgxlw qdo =+%
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61515 Pìwkrgh gh Uxelq
Od pìwkrgh gh Uxelq ^98` gìulyh gh od whfkqltxh suìfìghqwh dyhf o*hpsorl g*xq uìvlgx
g|qdpltxh1 O*hhw ghv prghv qrq sulv hq frpswh gdqv od edvh gh surmhfwlrq gh od vrxv0
vwuxfwxuh hvw dssurfkì sdu xq gìyhorsshphqw dx vhfrqg ruguh suëv gh ohxu frqwulexwlrq
g|qdpltxh +yrlu od uhodwlrq +417<,, =
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Od sduwlh g|qdpltxh gx uìvlgx -(+ hvw gìqlh sdu od uhodwlrq +6189, frpswh0whqx
gh od uhodwlrq gh qruph +41<, ghv yhfwhxuv sursuhv sdu udssruw ã od pdwulfh pdvvh =
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Vrlw o*h{suhvvlrq gx uìvlgx g|qdpltxh =
-(+ ' -n /
2-- +618;,
Frqghqvdwlrq gh Uxelq hw prgëoh uìgxlw dvvrflì
Ohv h{suhvvlrqv ghv wudqvirupdwlrqv hw prgëohv uìgxlwv ghv vrxv0vwuxfwxuhv vrqw ìtxl0
ydohqwhv ã fhoohv gh od pìwkrgh gh PdfQhdo > lo frqylhqw gh frqvlgìuhu -(+ hq olhx hw
sodfh gx uìvlgx vwdwltxh -1
Ohv gìsodfhphqwv gh od vrxv0vwuxfwxuh & vrqw h{sulpìv vhorq Uxelq sdu od wudqviru0
pdwlrq gh gurlwh A &-L_ =
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Dvvhpeodjh gh ghx{ vrxv0vwuxfwxuhv
Rq hhfwxh xqh dssur{lpdwlrq dx vhfrqg ruguh suëv vxu o*lqyhuvh gh od vrpph ghv
uìvlgxv g|qdpltxhv =
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Dq gh fodulhu od suìvhqwdwlrq/ rq qrwh =
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Dsuëv ìolplqdwlrq ghv hruwv gh mrqfwlrq ã o*dlgh ghv ìtxdwlrqv gh frpsdwlelolwì
+5154, hw +5155,/ gh od uhodwlrq gh surmhfwlrq gx prxyhphqw ghv vrxv0vwuxfwxuhv +618<,
hw frpswh0whqx gh o*dssur{lpdwlrq +6193,/ oh prgëoh uìgxlw qdo vdwlvidlw o*ìtxdwlrq
g*ìtxloleuh =;AAAA?AAA=
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Fhwwh whfkqltxh gh v|qwkëvh prgdoh hvw soxv suìflvh txh od pìwkrgh gh PdfQhdo
gx idlw gh o*hpsorl g*xq uìvlgx hqulfkl g*xq whuph g|qdpltxh1 Fhod vh wudgxlw sdu od
suìvhqfh gh whuphv gh frxsodjh gdqv od pdwulfh pdvvh gx prgëoh uìgxlw1
Fhv ghx{ whfkqltxhv vrqw gìolfdwhv ã phwwuh hq rhxyuh hw ohv surfìgxuhv g*dvvhpeodjh
gl!flohv ã v|vwìpdwlvhu1 Od whfkqltxh gh frxsodjh sdu ìolplqdwlrq lqgxlw ìjdohphqw xq
skìqrpëqh gh frxsodjh ghv hruwv dssoltxìv hqwuh ohv vrxv0vwuxfwxuhv1
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Frqghqvdwlrq dgdswìh dx uhfdodjh
hw ã o*rswlplvdwlrq gh prgëoh
Rq derugh gdqv fh fkdslwuh od qrwlrq gh urexvwhvvh ghv edvhv gh uìgxfwlrq g*xq prgëoh
ylv0ã0ylv gh shuwxuedwlrqv sdudpìwultxhv/ od ghvfulswlrq jìrpìwultxh gx prgëoh hw vd
frqqhfwlylwì ìwdqw vxssrvìhv jìhv1 Hq hhw/ glvsrvhu g*xqh edvh gh uìgxfwlrq fdsdeoh
gh uhsuìvhqwhu oh prxyhphqw g*xq prgëoh shuwxueì hvw sulprugldo gdqv ghv surfìgxuhv
lwìudwlyhv gh uhfdodjh rx g*rswlplvdwlrq = xqh whooh edvh dxwrulvh ghv uìdqdo|vhv ds0
surfkìhv udslghv hw ìfrqrpltxhv hq whuph gh fdofxov1 Ohv whfkqltxhv gh uìdqdo|vh gh
v|vwëph prglì rqw idlw o*remhw gh qrpeuhxvhv uhfkhufkhv dx O1P1D1U1F1 = rq vh uìiëuh
srxu soxv gh gìwdlov dx{ wudydx{ gh Dlwulprxfk ^4`/ Ehuwkrg ^43`/ Erxd}}rxql ^44` hw
Frjdq ^56`1
Ohv uìvxowdwv ohv soxv vljqlfdwliv surylhqqhqw gh o*xvdjh g*xqh edvh prgdoh wurq0
txìh hqulfklh gh uìsrqvhv vwdwltxhv uìvlgxhoohv gxhv ã ghv fkdujhphqwv uhsuìvhqwdwliv
ghv shuwxuedwlrqv gx v|vwëph1 Rq jìqìudolvh o*hpsorl gh fhwwh edvh hqulfklh/ gdqv xqh
dssurfkh gh w|sh frqghqvdwlrq/ dgdswìh ã od suìglfwlrq gh uìsrqvhv iuìtxhqwlhoohv hw
shuphwwdqw o*rewhqwlrq g*xq prgëoh uìgxlw hq frrugrqqìhv sk|vltxhv1
O*lq xhqfh gx gìfrxsodjh ghv hhwv gh sdudpëwuhv sk|vltxhv lqwhuyhqdqw qrq0
olqìdluhphqw vxu ohv pdwulfhv g*ìwdw hvw derugìh1
Xqh vwudwìjlh gh uìgxfwlrq ã soxvlhxuv qlyhdx{ hvw suìvhqwìh gdqv oh fdguh vsìfltxh
g*xqh surfìgxuh lwìudwlyh gh uhfdodjh edvìh vxu xq uìvlgx iuìtxhqwlho vxu ohv hqwuìhv gì0
yhorssìh sdu Ehuulhw ^;`/ Vfkldyrqh ^9;` hw Rvpdql ^93`1 Ohv shuirupdqfhv gh od pìwkrgh
vrqw looxvwuìhv vxu xq prgëoh lqgxvwulho1
Hqq/ ohv surfìgxuhv g*hqulfklvvhphqw ghv edvhv gh uìgxfwlrq sdu ghv uìvlgxv vwd0
wltxhv xwlohv vrqw irupxoìhv gdqv oh fdguh ghv whfkqltxhv gh v|qwkëvh prgdoh1
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Fkdslwuh 71 Frqghqvdwlrq dgdswìh dx uhfdodjh hw ã o*rswlplvdwlrq gh prgëoh
Dq gh frpsoìwhu od suìvhqwdwlrq/ rq vljqdoh ohv wudydx{ gh Edophv ^7` hw Julkrq
^68` txl h{sorlwhqw ghv whfkqltxhv gh uìdqdo|vh gx píph ruguh1
714 Sulqflsh hw dssolfdwlrqv
Ohv surfìgxuhv gh uhfdodjh rx g*rswlplvdwlrq gh prgëoh qìfhvvlwhqw ghv ìwdshv gh uìd0
qdo|vh gx prgëoh prglì1 Srxu ghv vwuxfwxuhv gh judqgh wdlooh/ rq qh shxw hqylvdjhu
ghv h{wudfwlrqv prgdohv rx ghv suìglfwlrqv gh uìsrqvhv iuìtxhqwlhoohv gluhfwhv/ uìsìwìhv
ã fkdtxh prglfdwlrq gx prgëoh = oh frþw gh fdofxo dvvrflì hvw vrxyhqw glvvxdvli1
Xqh vroxwlrq soxv ìfrqrpltxh uìvlgh gdqv o*hpsorl gh whfkqltxhv gh uìdqdo|vh ds0
surfkìh vxu edvhv uìgxlwhv dx frxuv ghv lwìudwlrqv ghv surfìgxuhv gh fruuhfwlrq sdudpìw0
ultxh1 Od edvh gh uìgxfwlrq A- hvw fkrlvlh gh pdqlëuh ã uhsuìvhqwhu oh prxyhphqw gx
v|vwëph lqlwldo g*lpsìgdqfh ~ hw gx v|vwëph vrxplv ã ghv prglfdwlrqv sdudpìwultxhv
{~ grqqìhv = od qdwxuh hw od orfdolvdwlrq gh fhv shuwxuedwlrqv vrqw suìgìqlhv pdlv ohv
dpsolwxghv vrqw lqfrqqxhv1
71414 Uìdqdo|vh dssurfkìh vxu edvh uìgxlwh
Oh prgëoh hvw frqghqvì lqlwldohphqw sdu od edvh gh uìgxfwlrq A- =
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 ' A
A
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Od uìdqdo|vh dssurfkìh gx v|vwëph prglì ã o*ìwdsh , gx surfhvvxv gh fruuhfwlrq
sdudpìwultxh hvw uìdolvìh vxu oh v|vwëph prglì uìgxlw ~,
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{~,3A- hw {~
,3 hvw od fruuhfwlrq g*lpsìgdqfh lvvxh gh o*ìwdsh
,   gx surfhvvxv1
Hq q gh surfìgxuh/ rq hhfwxh jìqìudohphqw xqh uìdqdo|vh h{dfwh gx v|vwëph uh0
fdoì rx rswlplvì dq gh v*dvvxuhu gh od shuwlqhqfh gx frpsruwhphqw suìglw gh pdqlëuh
dssurfkìh1 Oruvtxh oh prgëoh vxelw gh iruwhv prglfdwlrqv sdudpìwultxhv/ rq grlw hq0
ylvdjhu o*xvdjh g*xqh rx ghx{ uìdqdo|vhv h{dfwhv vxssoìphqwdluhv dx frxuv gx surfhvvxv
lwìudwli/ od wudqvirupdwlrq A- ìwdqw uìdfwxdolvìh gh idlw1
71415 Sdudpìwulvdwlrq gx prgëoh
Od suhplëuh ìwdsh g*xqh surfìgxuh gh fruuhfwlrq sdudpìwultxh frqvlvwh ã {hu/ hvwl0
phu rx orfdolvhu ohv }rqhv prgldeohv gx prgëoh hw ã ohxu dvvrflhu ghv sdudpëwuhv gh
99
7141 Sulqflsh hw dssolfdwlrqv
fruuhfwlrq1 Rq sduoh gh sdudpìwulvdwlrq gx prgëoh1 Lo v*djlw gh gìqlu ghv hqvhpeohv
g*ìoìphqwv/ rx pdfur0ìoìphqwv/ uhjurxsdqw ghv ìoìphqwv qlv srvvìgdqw ghv sursulìwìv
pdwìulhoohv hw2rx jìrpìwultxhv frppxqhv1
Rq gìqlw xqh fruuhfwlrq sdudpìwultxh gh o*lpsìgdqfh ~ gx prgëoh vhorq o*h{suhv0
vlrq =
{~ ' {g n /{  /2{ +716,
Hq lqwurgxlvdqw od qrwlrq gh pdfur0ìoìphqwv =
g6@S '
?e,e6S
e'
ge,e6
e
6@S '
?e,e6S
e'
e,e6
e
6@S '
?e,e6S
e'
e,e6
e
+717,
rq ìfulw od uhodwlrq +716, vrxv od iruph =
{~ '
?R[
'

g6@S

E{R n /
6@S

E{R /26@S E{R

+718,
rü {R uhsuìvhqwh od yduldwlrq gx sdudpëwuh gh frqfhswlrq R ã gìwhuplqhu1
Hq jìqìudo/ ohv sdudpëwuhv R lqwhuylhqqhqw qrq0olqìdluhphqw gdqv ohv pdwulfhv gh
fruuhfwlrq ghv pdfur0ìoìphqwv1 Lo hvw srvvleoh gh idfwrulvhu fhv pdwulfhv vrxv od iruph
vxlydqwh =
~6@S

ER '
[
k
ER
k~6@S
k
+719,
vrlw srxu xqh yduldwlrq gx sdudpëwuh R =
~6@S

E{R ' {R
[
k
k ER
k3~6@S
k
+71:,
Dq gh v*dudqfklu ghv sureoëphv gh frqglwlrqqhphqw gdqv od uìvroxwlrq gx sur0
eoëph gh fruuhfwlrq/ rq xwlolvh ghv frh!flhqwv gh fruuhfwlrq dglphqvlrqqhov = od uhodwlrq
+71:, ghylhqw =
~6@S

E{R '
{R
R
[
k
k ER
k~6@S
k
+71;,
71416 Sulqflsh gh od pìwkrgh
O*ìtxloleuh g|qdpltxh gx v|vwëph prglì/ vrxplv ã ghv vroolflwdwlrqv g|qdpltxhv vxu
o*hqvhpeoh e ghv ghjuìv gh olehuwì/ v*ìfulw =
d~ E/ n {~ E/o + E/ ' ese E/ +71<,
9:
Fkdslwuh 71 Frqghqvdwlrq dgdswìh dx uhfdodjh hw ã o*rswlplvdwlrq gh prgëoh
Hq lqwurgxlvdqw od qrwlrq gh irufhv g|qdpltxhv s{E/ dvvrflìhv dx{ prglfdwlrqv
{~ E/ gx prgëoh/ od uhodwlrq +71<, hvw ìtxlydohqwh ã o*ìtxloleuh g|qdpltxh gx prgëoh
lqlwldo vrxplv dx{ vroolflwdwlrqv ese E/ hw s{E/ =
~ E/ + E/ ' ese E/ n s{E/ +7143,
dyhf =
s{E/ ' {~ E/ + E/ +7144,
Od uìsrqvh g|qdpltxh gx v|vwëph prglì v*h{sulph sdu vxshusrvlwlrq prgdoh vxu
xqh edvh wurqtxìh t ghv prghv oleuhv gx v|vwëph lqlwldo hqulfklh gh uìvlgxv vwdwltxhv
- whooh txh =
+ E/ * t SE/ n-
k ese E/ n s{E/l +7145,
Od edvh gh uìgxfwlrq A- frppxqh dx{ v|vwëphv lqlwldo hw prglì hvw frqvwuxlwh ã
o*dlgh gh od edvh oleuh wurqtxìh t gx v|vwëph lqlwldo/ ghv uìvlgxv vwdwltxhv -e dx gurlw
ghv ghjuìv gh olehuwì vroolflwìv +hqvhpeoh e, hw ghv uìvlgxv vwdwltxhv dvvrflìv ã xqh vxlwh
gh fkdujhphqwv vwdwltxhv 8{ uhsuìvhqwdwliv ghv prglfdwlrqv {~ =
A- '
k
t -e -{
l
+7146,
715 Gìwhuplqdwlrq ghv uìsrqvhv vwdwltxhv uìvlgxhoohv
71514 H{suhvvlrq gh od irufh gxh dx{ prglfdwlrqv
G*dsuëv od uhodwlrq +7144,/ oh yhfwhxu g*hruw s{E/ dvvrflì dx{ prglfdwlrqv {~ E/
gìshqg gh od uìsrqvh gx v|vwëph prglì +E/1
Hq suhplëuh dssur{lpdwlrq/ rq shxw dssurfkhu fhwwh uìsrqvh +E/ sdu od uìsrqvh
gx v|vwëph lqlwldo +UE/ gìyhorssìh vxu od edvh wurqtxìh gh prghv oleuhv t hqulfklh
ghv uìvlgxv vwdwltxhv -e =
+E/ * +UE/ +7147,
*
k
t -e
l% S E/ese E/
&
+7148,
Fhod qrxv frqgxlw ã o*h{suhvvlrq sf
{
E/ gh od irufh dvvrflìh dx{ prglfdwlrqv =
sf
{
E/ ' {~ E/ +U E/ +7149,
Xqh vhfrqgh dssur{lpdwlrq frqvlvwh ã hhfwxhu xq suhplhu fdofxo gh vrxsohvvh dv0
vrflìh dx{ irufhv g*huuhxu sf
{
E/ > od uìsrqvh gx v|vwëph prglì +E/ hvw dssurfkìh
9;
7151 Gìwhuplqdwlrq ghv uìsrqvhv vwdwltxhv uìvlgxhoohv
dx pr|hq gh od uhodwlrq +714;, =
+E/ * +
W
E/ +714:,
* 7sssE/ 7{~ E/
k
t -e
l % S E/ese E/
&
+714;,
Dlqvl/ rq rewlhqw o*h{suhvvlrq s
{
E/ gh od irufh dvvrflìh dx{ prglfdwlrqv sdudpìw0
ultxhv {~/ fruuhvsrqgdqw ã xq lwìuì gh sf
{
E/ =
s{E/ ' {~ E/ +WE/ +714<,
Lo hvw srvvleoh gh irupxohu sdu oh píph surfìgì ohv h{suhvvlrqv gx yhfwhxu irufh gh
prglfdwlrq s&
{
E/ ã xq ruguh & vxsìulhxu sdu vlpsoh lwìudwlrq1
71515 Edvh gh irufhv dvvrflìh dx{ prglfdwlrqv
Lo v*djlw gh jìqìuhu xqh edvh gh irufhv 8{ uhsuìvhqwdwlyh gx vrxv0hvsdfh dvvrflì ã o*hq0
vhpeoh ghv prglfdwlrqv srwhqwlhoohv ã sduwlu ghv uhodwlrqv +7149, rx +714<,1 Dq gh
vlpsolhu od vxlwh gh o*h{srvì/ rq uhwlhqw o*k|srwkëvh gìqlh gdqv od uhodwlrq +7149,1
Vrxv0edvh gh irufhv 8{ gh prglfdwlrq dvvrflìh ã xq sdudpëwuh R
Srxu fkdtxh sdudpëwuh R/ rq fdofxoh xqh vrxv0edvh 8{ gh irufhv dvvrflìh1 Rq qìjoljh
ohv prglfdwlrqv g*dpruwlvvhphqw {1 Srxu xq sdudpëwuh R lqwhuyhqdqw olqìdluhphqw
gdqv ohv pdwulfhv gh pdvvh hw gh udlghxu/ od vrxv0edvh 8{ hvw gìqlh sdu o*h{suhvvlrq =
8{ '
k
8g
{
8
{
l
+7153,
dyhf =
8g
{
' g6@S
k
t -e
l
8
{
'6@S
k
t -e
l % \ f
f \Wee
&
+7154,
rü ohv uìvlgxv -e vrqw qrupdolvìv whov txh =
_@}E-Ae-e ' _@}EUee
_@}E-Aeg-e ' _@}E\
W
ee
+7155,
Gdqv oh fdv g*xq sdudpëwuh qrq0olqìdluh gìql gdqv od uhodwlrq +719,/ lo frqylhqw gh
gìfrxsohu fkdtxh hhw dvvrflì ã xqh sxlvvdqfh k hw frqvwuxluh dxwdqw gh vrxv0pdwulfhv
8k
{
1
Gdqv o*k|srwkëvh gìqlh sdu od uhodwlrq +714<,/ od gìwhuplqdwlrq gh od vrxv0edvh 8{
qìfhvvlwh xq fdofxo vwdwltxh vxssoìphqwdluh1
9<
Fkdslwuh 71 Frqghqvdwlrq dgdswìh dx uhfdodjh hw ã o*rswlplvdwlrq gh prgëoh
Uìgxfwlrq gh od vrxv0edvh gh irufhv 8{
Od vrxv0edvh 8{ q*hvw sdv qìfhvvdluhphqw gh udqj pd{lpxp1 Gh soxv/ gdqv xq vrxfl
g*ìfrqrplh gh fdofxo hw gh pdqlëuh ã rewhqlu xq qrpeuh olplwì gh uìvlgxv-{/ lo frqylhqw
gh vìohfwlrqqhu ohv gluhfwlrqv suìsrqgìudqwhv gh fkdtxh vrxv0edvh 8{ 1 Srxu fh idluh/
rq hhfwxh xqh gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv +GYV, vxu fkdfxqh ghv pdwulfhv
8g
{
hw 8
{
1
Oh gìwdlo gh fhwwh gìfrpsrvlwlrq hvw udsshoì gdqv o*dqqh{h E1
Dlqvl/ od pdwulfh uhfwdqjxodluh 8g
{
5 -? + ? ' 6prghv n e uìvlgxv, vh gìfrpsrvh
vrxv od iruph vxlydqwh =
8g{
E?
' L
E?
P
E??
T
E??
A +7156,
rü L hw T vrqw ghx{ pdwulfhv uìhoohv ruwkrqrupdohv hw P hvw xqh pdwulfh gldjrqdoh
frpsrvìh ghv ? ydohxuv vlqjxolëuhv gh 8g{ 1
Hq rugrqqdqw ohv ydohxuv vlqjxolëuhv sdu ruguh gìfurlvvdqw hw vxlwh ã xq gìfrxsdjh
pdwulflho/ od uhodwlrq +7156, v*ìfulw =
8g{ ' L
E?
P
E??
T A
E??
n L2
E?2
P2
E?2?2
T A2
E?2?
+7157,
rü P frpsruwh ohv ? soxv judqghv ydohxuv vlqjxolëuhv1
Rq rewlhqw doruv od uìgxfwlrq h8g{ uhfkhufkìh gh od vrxv0edvh 8g{ / fruuhvsrqgdqw
dx{ gluhfwlrqv dvvrflìhv dx{ soxv judqghv ydohxuv vlqjxolëuhv =h8g{ ' 8g{T +7158,
' LP +7159,
Ohv pdwulfhv P hw T vrqw rewhqxhv ã sduwlu gh od uìvroxwlrq g*xq sureoëph dx{
ydohxuv sursuhv gh wdlooh ?1 Oh fkrl{ gx qrpeuh ? gh ydohxuv vlqjxolëuhv/ hw grqf gx
qrpeuh gh frorqqhv ã uhwhqlu/ hvw {ì duelwudluhphqw rx gìshqg g*xq udwlr dvvrflì ã xq
frqglwlrqqhphqw vhxlo

j2*j
2
?
  re, ^43`1
Oh owudjh gìql gdqv ohv uhodwlrqv +7158, rx +7159, suìvhuyh od qruph gh od vrxv0edvh
uhwhqxh1 Fhfl hvw xwloh gdqv od vxlwh gh od surfìgxuh dq gh sulyloìjlhu ohv prglfdwlrqv
txl lqgxlvhqw xqh iruwh shuwxuedwlrq gx v|vwëph1
Frqfdwìqdwlrq ghv vrxv0edvhv gh irufhv
Rq frqvwuxlw od edvh gh irufhv 8{ uhsuìvhqwdwlyh gh o*hqvhpeoh ghv prglfdwlrqv {~
srwhqwlhoohv sdu frqfdwìqdwlrq/ vrlw srxu R sdudpëwuhv olqìdluhv =
8{ '
k h8g{ h8{    h8g{R h8{R l +715:,
Rq qrwh txh od pdwulfh 8{ suìvhqwh xq fdudfwëuh fuhx{1
:3
7161 Uìgxfwlrqv pxowlsohv gdqv o*remhfwli gh uhfdodjh gh prgëohv gh judqgh wdlooh
71516 Edvh gh uìvlgxv dvvrflìh dx{ prglfdwlrqv
Fdofxo ghv uìvlgxv vwdwltxhv
Ohv uìvlgxv vrqw fdofxoìv gh pdqlëuh fodvvltxh +sdudjudskh 51915,/ od  h{lelolwì ìwdqw
owuìh vl qìfhvvdluh =
-W
{
' 78{  t(\3( t A(8{ +715;,
Wudlwhphqw gh od edvh gh uìvlgxv
Rq shxw dssoltxhu xqh gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv ã od pdwulfh gh uìvlgxv -W
{
dq gh jdudqwlu xqh sduidlwh lqgìshqgdqfh olqìdluh ghv frorqqhv gh od pdwulfh/ vhorq
xqh surfìgxuh dqdorjxh ã fhooh gìfulwh gdqv ohv uhodwlrqv +7156, ã +7159, =
-W
{
* LPT A +715<,
Rq rewlhqw od edvh gh uìvlgxv h-{ owuìh hw uìgxlwh =
h-{ ' -W{T +7163,
Ohv uìvlgxv rewhqxv vrqw qrupdolvìv sdu udssruw ã od pdvvh gx v|vwëph lqlwldo hw
frqvwlwxhqw od pdwulfh gh uìvlgxv -{ uhfkhufkìh =
_@}E-A
{
-{ ' _@}EU{{ +7164,
Od edvh gh uìgxfwlrq A- gìqlh sdu od uhodwlrq +7146, hvw doruv gh udqj pd{lpxp
hw vrq frqglwlrqqhphqw hvw idleoh1
Rq shxw ìjdohphqw hqylvdjhu xq wudlwhphqw qxpìultxh ghv yhfwhxuv uìvlgxhov sdu
xqh surfìgxuh g*ruwkrjrqdolvdwlrq = gdqv fh fdv/ rq frqvhuyh od wrwdolwì ghv yhfwhxuv
vwdwltxhv fdofxoìv1
716 Uìgxfwlrqv pxowlsohv gdqv o*remhfwli gh uhfdodjh
gh prgëohv gh judqgh wdlooh
Rq suìvhqwh gdqv fh sdudjudskh xqh vwudwìjlh gh uìgxfwlrq ã soxvlhxuv qlyhdx{/ dgdswìh
ã xqh surfìgxuh gh uhfdodjh gh prgëoh ìoìphqwv qlv lqgxvwulho1 Fhwwh surfìgxuh hvw
edvìh vxu o*xwlolvdwlrq g*xq uìvlgx vxu ohv hqwuìhv hw qìfhvvlwh o*dgdswdwlrq gh od wdlooh
gx prgëoh ã od wdlooh ghv grqqìhv revhuyìhv vxu od vwuxfwxuh ^;`/ ^93`/ ^9;`1
:4
Fkdslwuh 71 Frqghqvdwlrq dgdswìh dx uhfdodjh hw ã o*rswlplvdwlrq gh prgëoh
71614 Dgdswdwlrq gx prgëoh dx{ grqqìhv revhuyìhv
Fhwwh dgdswdwlrq hvw uìdolvìh hq ghx{ ìwdshv gdqv oh fdv g*xq prgëoh gh judqgh wdlooh1
Xqh suhplëuh uìgxfwlrq sdu frqghqvdwlrq rx v|qwkëvh prgdoh shuphw o*rewhqwlrq g*xq
prgëoh uìgxlw g*lpsìgdqfh ~ gh qlyhdx  gh txhotxhv fhqwdlqhv gh ghjuìv gh olehuwì/
hq frrugrqqìhv sk|vltxhv +rx pl{whv, =
~ ' A
A

~A +7165,
O*hpsorl gh edvhv gh uìgxfwlrq urexvwhv A dx qlyhdx / dswhv ã uhsuìvhqwhu ohv
gìsodfhphqwv gx prgëoh fruuljì/ dxwrulvh xqh uìdfwxdolvdwlrq gx prgëoh ã fh qlyhdx gh
uìgxfwlrq looxvwuìh sdu od uhodwlrq +715,1 Fh prgëoh uìdfwxdolvì hvw uìdqdo|vì ã fkdtxh
lwìudwlrq gx surfhvvxv = ohv prghv sursuhv hw ohv uìsrqvhv vwdwltxhv uìvlgxhoohv qìfhv0
vdluhv vrqw fdofxoìv hw frqvwlwxhqw ohv yhfwhxuv gh od edvh gh uìgxfwlrq A2 gh qlyhdx
21
Od vhfrqgh uìgxfwlrq irxuqlw xq prgëoh uìgxlw gh qlyhdx 2 gh od wdlooh ghv ghjuìv
gh olehuwì lqvwuxphqwìv/ hq frrugrqqìhv sk|vltxhv =
~2 ' A
A
2
~A2 +7166,
Od glphqvlrq gh od edvh gh frqghqvdwlrq A2 gìshqg gx qrpeuh J gh srvlwlrqv
ghv revhuydwlrqv uìdolvìhv vxu od vwuxfwxuh1 Jìqìudohphqw/ fh qrpeuh J hvw lqiìulhxu dx
qrpeuh gh yhfwhxuv vwdwltxhv uìvlgxhov qìfhvvdluhv ã o*rewhqwlrq g*xqh edvh A2 vx!vd0
phqw urexvwh1 Fhod mxvwlh od uìdfwxdolvdwlrq gh od edvh gh frqghqvdwlrq A2 ã fkdtxh
lwìudwlrq , gx surfhvvxv gh uhfdodjh ã sduwlu gx prgëoh uìgxlw ~,

gh qlyhdx 1
71615 Irupxodwlrq gx sureoëph gh uhfdodjh
O*ìtxloleuh g|qdpltxh gx prgëoh lqlwldo v*ìfulw =
~6E/+6E/ ' s6E/ +7167,
O*ìtxloleuh g|qdpltxh gh od vwuxfwxuh hvw uìjl sdu xqh uhodwlrq dqdorjxh =
~rE/+rE/ ' srE/ +7168,
rü o*rq h{sulph o*lpsìgdqfh ~r gh od vwuxfwxuh sdu od uhodwlrq =
~r ' ~6 n{~6 +7169,
Rq gìqlw xq uìvlgx 0 vxu ohv judqghxuv g*hqwuìh who txh =
0E/ ' srE/ s6E/ +716:,
' {~6E/+rE/ ~6E/ E+6E/ +rE/ +716;,
:5
7161 Uìgxfwlrqv pxowlsohv gdqv o*remhfwli gh uhfdodjh gh prgëohv gh judqgh wdlooh
Oh prgëoh lqlwldo hvw uìgxlw dx qlyhdx  +uhodwlrq +7165,,1 Od vwuxfwxuh ìwdqw sduwlho0
ohphqw revhuyìh/ rq irupxoh oh uìvlgx 0 +716;, dx qlyhdx 2 sdu uìgxfwlrq ghv pdwulfhv
g*lpsìgdqfh ~6

hw gh fruuhfwlrq {~6

vxu ohv ghjuìv gh olehuwì +6
J
lqvwuxphqwìv +uhod0
wlrq +7166,,1
O*h{suhvvlrq gh od pdwulfh gh wudqvirupdwlrq uìvxowdqw ghv ghx{ uìgxfwlrqv dssol0
txìhv hvw gìqlh sdu ohv uhodwlrqv =%
+6
J
+6
?J
&
'
%
UJJ
A6
?J
& k
+6
J
l
+716<,
' A6+6
J
+7173,
rü A6 ' AA21
Oh uìvlgx 0 +716;, ã plqlplvhu/ irupxoì dx qlyhdx 2/ ghylhqw =
02E/ ' {~
6
2
E/+r
J
E/ ~6
2
E/ E+6
J
E/ +r
J
E/ +7174,
rü G
~6
2
' AA
2
A A

~6AA2
{~6
2
' A A
2
AA

{~6AA2
+7175,
Dq gh plqlplvhu o*lq xhqfh ghv lqfhuwlwxghv gh phvxuh vxu od vroxwlrq {~6
2
gh
+7174,/ lo frqylhqw gh owuhu oh uìvlgx 02 ã o*dlgh gh od vrxsohvvh g|qdpltxh gx prgëoh
uìgxlw dx qlyhdx 2 = h02E/ ' ~62 E/302E/ +7176,
Oh sureoëph +7174, shxw íwuh frqghqvì ã xq qlyhdx / vxu xqh edvh A frppxqh
dx{ grqqìhv prgëoh hw vwuxfwxuh1 Rq frqvwuxlw fhwwh wudqvirupdwlrq A ã sduwlu g*xqh
gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv gh uìsrqvhv vwdwltxhv hw gh yhfwhxuv sursuhv gx
prgëoh frqghqvì ~6
2
dx qlyhdx 2 / hw gh uìsrqvhv iuìtxhqwlhoohv phvxuìhv1
Xq owudjh gx w|sh gh fhoxl gìql sdu od uhodwlrq +7176, hvw doruv uìdolvì dx qlyhdx
1
Rq suìvhqwh Iljxuh 714 xq vfkìpd ghvfulswli gh od surfìgxuh gh uìgxfwlrq ã  qlyhdx{
dgrswìh gdqv oh fdguh g*xq uhfdodjh h{sorlwdqw xq uìvlgx edvì vxu ohv hqwuìhv1
Od irqfwlrq frþw dvvrflìh ã fh w|sh uìvlgx hvw txdgudwltxh1 Oh sureoëph gh uhfd0
odjh hvw txdvl0olqìdluh ylv0ã0ylv ghv sdudpëwuhv gh fruuhfwlrq vrxv o*k|srwkëvh g*xqh
frqghqvdwlrq urexvwh1
Oh sureoëph rewhqx hvw gh wdlooh uìgxlwh1 Lo dxwrulvh ghv vìulhv gh uìvroxwlrqv hhf0
wxìhv ã o*dlgh gh phvxuhv doìdwrluhphqw euxlwìhv1 Xq wudlwhphqw vwdwlvwltxh ghv uìvxo0
wdwv rewhqxv/ hq whuph gh glvshuvlrq ghv vroxwlrqv sdudpìwultxhv/ shuphw xqh orfdol0
vdwlrq ghv sdudpëwuhv hhfwliv1 Od vroxwlrq sdudpìwultxh whuplqdoh hvw rewhqxh gdqv
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Iljxuh 714 = Uhfdodjh gh prgëoh = uìgxfwlrq ã 6 qlyhdx{
od pr|hqqh ghv vroxwlrqv jìqìuìhv ã o*dlgh ghv uìvroxwlrqv uìdolvìhv dyhf ohv sdudpëwuhv
hhfwliv1
O*hqvhpeoh gh fhv surfìgxuhv hvw suìvhqwì hq gìwdlo gdqv ^;` ^93` ^9:` ^9;`1
717 Dssolfdwlrq vxu xq prgëoh gh sruwlëuh gh yìkl0
fxoh
Rq sursrvh o*looxvwudwlrq gh od pìwkrgh gdqv oh fdguh gx uhfdodjh g*xq prgëoh gh
sruwlëuh gh yìklfxoh1 O*remhfwli hvw gh glvsrvhu g*xq prgëoh uìgxlw sdudpìwuì/ rewhqx
sdu xqh frqghqvdwlrq gh qlyhdx / urexvwh hw fdsdeoh gh uhsuìvhqwhu fruuhfwhphqw ohv
53 suhplhuv prghv gìirupdeohv gh od vwuxfwxuh frpsulv gdqv xqh edqgh iuìtxhqwlhooh
^30533` K} srxu glìuhqwv ìwdwv sdudpìwultxhv1
71714 Fdudfwìulvwltxhv gx prgëoh
Od vwuxfwxuh hvw uhsuìvhqwdwlyh ghv gl!fxowìv gh prgìolvdwlrq ghv vwuxfwxuhv frpsoh{hv1
Hooh hvw frqvwlwxìh gh o*dvvhpeodjh g*xq sdqqhdx uhqirufì g*xqh grxeoxuh iruwhphqw
qhuyxuìh hw gìfrxsìh/ hw gh slëfhv gh uhqiruwv dx qlyhdx ghv fkduqlëuhv hw dqwl0fkrfv1
O*dvvhpeodjh hvw uìdolvì sulqflsdohphqw sdu froodjh/ soldjh hw vhuwlvvdjh hw sdu txhotxhv
srlqwv gh vrxgxuh1
Rq suìvhqwh Iljxuhv 715 hw 716 od vwuxfwxuh lqvwuxphqwìh hq frqjxudwlrq vxvshqgxh1
:7
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Iljxuh 715 = Sruwlëuh lqvwuxphqwìh +Sdqqhdx,
Iljxuh 716 = Sruwlëuh lqvwuxphqwìh +Grxeoxuh,
:8
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Oh prgëoh gh od vwuxfwxuh frpsruwh 63 333 ghjuìv gh olehuwì +Iljxuh 717,1 Ohv
ìoìphqwv xwlolvìv vrqw gh w|shv frtxh wuldqjoh hw txdgudqjoh/ srxwuh/ elhoohwwh uljlgh/
pdvvh srqfwxhooh hw qrq vwuxfwxuhooh1
Iljxuh 717 = Prgëoh ìoìphqwv qlv gh od sruwlëuh gh yìklfxoh
71715 Sdudpìwudjh gx prgëoh
Dq gh ydolghu od whfkqltxh/ rq vlpxoh oh frpsruwhphqw gh od vwuxfwxuh uìhooh sdu ghv
shuwxuedwlrqv frqqxhv gh }rqhv gx prgëoh lqlwldo grqw od prgìolvdwlrq hvw vxssrvìh
huurqìh1
Ghx{ qlyhdx{ gh shuwxuedwlrqv vrqw dssoltxìv = xq qlyhdx idleoh uhsuìvhqwdwli ghv
fruuhfwlrqv dgplvvleohv hw xq qlyhdx soxv ìohyì dq gh fkhufkhu ohv olplwhv gh od pìwkrgh1
Rq gìqlw 56 }rqhv sdudpìwuìhv = 46 hq ìsdlvvhxu hw 43 hq prgxoh gh \rxqj +Iljxuh
718, frpsuhqdqw ohv }rqhv qhuyxuìhv/ ohv }rqhv gh solv +frqwrxu, hw uhqirufìhv1
71716 Edvh gh uìgxfwlrq hpsor|ìh
Od edvh gh uìgxfwlrq hvw frqvwuxlwh ã o*dlgh gh 69 prghv oleuhv/ 7 yhfwhxuv gh uìvlgxv
vwdwltxhv dvvrflìv dx{ srlqwv g*h{flwdwlrq gh od vwuxfwxuh hw 673 yhfwhxuv gh uìvlgxv
dvvrflìv dx{ }rqhv gìqlhv1
Od wdlooh gx prgëoh uìgxlw gh qlyhdx 4 hvw gh 6;3 ghjuìv gh olehuwì1
:9
4.4. Application sur un modèle de portière de véhicule
Figure 4.5 : Zones paramétrées du modèle (Portière de véhicule)
La base de forces f0
¢
(!) associée aux modications a été calculée à laide de la
relation (4.16) dans laquelle les déplacements de la structure perturbée sont approchés
à laide du modèle initial au moyen dune base de 50 modes libres (dont les 6 modes
rigides) et des 4 vecteurs de résidus statiques dexcitation. On signale que les tests
e¤ectués à laide dune base de forces calculées au second ordre par la relation (4.19)
donne des résultats analogues dans la conguration présentée.
Concernant les zones paramétrées en épaisseur, on procède au découplage des e¤ets
de membrane, de exion et de cisaillement. On retient 24 vecteurs de forces derreur
pour chacune des 13 zones de type épaisseur, soit 8 vecteurs pour le¤et de membrane,
8 vecteurs pour le¤et de exion-cisaillement et 8 vecteurs associés à le¤et de masse.
Les zones associées au module de Young font lobjet de 10 vecteurs de forces. Après
calcul des réponses statiques résiduelles associées à la base de forces derreur, on retient
340 vecteurs résiduels après le ltrage décrit dans le paragraphe 4.2.3.
A titre de comparaison, on présente parallèlement les résultats obtenus à partir
dun modèle réduit de taille identique, construit à laide dune base modale libre de
380 vecteurs.
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71717 Uìvxowdwv rewhqxv oruv gh idleohv shuwxuedwlrqv
Glvwdqfh prgëoh lqlwldo 2 prgëoh shuwxueì
Ohv }rqhv sdudpìwuìhv irqw o*remhw gh shuwxuedwlrqv duelwudluhphqw fkrlvlhv > fhuwdlqhv
}rqhv vrqw dvvrxsolhv hw g*dxwuhv udlglhv1 Ohv ydohxuv qrplqdohv ghv prgxohv gh \rxqj
vrqw pxowlsolìhv sdu fD rx 21 Ohv ydohxuv qrplqdohv ghv ìsdlvvhxuv vrqw pxowlsolìhv sdu
fH rx 1
Rq suìvhqwh Iljxuh 719 od glvwdqfh hq iruph hqwuh ohv 63 suhplhuv yhfwhxuv sursuhv
gìirupdeohv ghv prgëohv qrq frqghqvìv lqlwldx{ hw shuwxueìv/ ã o*dlgh gx fulwëuh g*dv0
vxudqfh prgdoh +Pdf, gìql sdu od uhodwlrq =
@Sjv '

+A
j
+D
2
n+jn2 n+Dn2
+7177,
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Iljxuh 719 = Glvwdqfh hq iruph ghv yhfwhxuv sursuhv lvvxv ghv prgëohv lqlwldo hw shu0
wxueì +idleoh shuwxuedwlrq, +Sruwlëuh gh yìklfxoh,
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Uìvxowdwv prgdx{
Ohv yhfwhxuv sursuhv fdofxoìv ã sduwlu gx prgëoh uìgxlw shuwxueì vrqw h{sdqvìv ã o*dlgh
gh od edvh gh uìgxfwlrq lqlwldoh +rewhqxh ã o*dlgh gx prgëoh qrq shuwxueì, sxlv frp0
sduìv dx{ yhfwhxuv sursuhv rewhqxv ã sduwlu gx prgëoh shuwxueì gh uìiìuhqfh1 Od edvh
hpsor|ìh hvw frqvwlwxìh gh 6;3 prghv oleuhv1 Rq looxvwuh Iljxuh 71: od glvwdqfh hq iruph
+uhodwlrq +7177,, hqwuh fhv yhfwhxuv1
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Iljxuh 71: = Edvh gh 6;3 prghv = glvwdqfh hq iruph hqwuh ohv yhfwhxuv sursuhv lvvxv
gx prgëoh shuwxueì gh uìiìuhqfh hw suìglwv sdu oh prgëoh frqghqvì shuwxueì +Sruwlëuh
gh yìklfxoh,
Gh píph/ rq suìvhqwh Iljxuh 71; od glvwdqfh hq iruph hqwuh ohv yhfwhxuv rewhqxv
sdu oh píph surfìgì oruv gh o*xvdjh gh od edvh frpsruwdqw ohv uìvlgxv vwdwltxhv dvvrflìv
dx{ irufhv g*huuhxu1
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Iljxuh 71; = Edvh gh 69 prghv hw 677 uìvlgxv vwdwltxhv = glvwdqfh hq iruph hqwuh
ohv yhfwhxuv sursuhv lvvxv gx prgëoh shuwxueì gh uìiìuhqfh hw suìglwv sdu oh prgëoh
frqghqvì shuwxueì +Sruwlëuh gh yìklfxoh,
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Fkdslwuh 71 Frqghqvdwlrq dgdswìh dx uhfdodjh hw ã o*rswlplvdwlrq gh prgëoh
Dq gh fkluhu o*huuhxu gh suìglfwlrq uìdolvìh hq h{sorlwdqw oh prgëoh uìgxlw/ rq
suìvhqwh ìjdohphqw Iljxuh 71< ohv huuhxuv uhodwlyhv vxu ohv iuìtxhqfhv sursuhv 0s hw vxu
ohv yhfwhxuv sursuhv 0+ +gìqlhv sdu ohv uhodwlrqv +7178, hw +7179,, =
0s '
ms  se%@S|m
se%@S|
+7178,
0+ '
n+  +e%@S|n
n+e%@S|n +7179,
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Iljxuh 71< = Huuhxu uhodwlyh vxu ohv vroxwlrqv sursuhv suìglwhv sdu ohv prgëohv frqghqvìv
shuwxueìv ylv0ã0ylv gx prgëoh shuwxueì gh uìiìuhqfh +Sruwlëuh gh yìklfxoh,
Ohv iruphv ghv yhfwhxuv sursuhv suìglwv sdu ohv prgëohv frqghqvìv vrqw frkìuhqwhv
dyhf od uìiìuhqfh +Iljxuhv 71: hw 71;,1 Od Iljxuh 71< qrxv prqwuh txh ohv suìglfwlrqv
prgdohv rewhqxhv ã o*dlgh gx prgëoh uìgxlw sdu od edvh prgdoh hqulfklh gh uìsrqvhv
vwdwltxhv uìvlgxhoohv vrqw ohv soxv surfkhv gh od uìiìuhqfh = o*huuhxu uhodwlyh hvw lqiìulhxuh
ã I vxu ohv iuìtxhqfhv/ hvw lqiìulhxuh ã fI vxu ohv yhfwhxuv sursuhv h{fhswì srxu oh
48ëph prgh txl fruuhvsrqg ã xq prgh orfdo/ qrq uhsuìvhqwdeoh vxu od edvh gh uìgxfwlrq1
Uìvxowdwv iuìtxhqwlhov
Rq suìvhqwh Iljxuhv 7143 hw 7144 ghx{ irqfwlrqv gh uìsrqvh iuìtxhqwlhooh hq dpsolwxgh
suìglwhv sdu oh prgëoh uìgxlw shuwxueì +edvh gh prghv hw uìvlgxv vwdwltxhv, ylv0ã0ylv
ghv uìiìuhqfhv ìwdeolhv ã sduwlu ghv prgëohv lqlwldo hw shuwxueì1
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Iljxuh 7143 = Txdolwì gh suìglfwlrq g*xqh uìsrqvh iuìtxhqwlhooh +dx gurlw g*xqh h{fl0
wdwlrq, ã sduwlu gx prgëoh frqghqvì shuwxueì +Sruwlëuh gh yìklfxoh,
20 40 60 80 100 120 140 160 180 200
10
−8
10
−7
10
−6
10
−5
10
−4
Frequence
Deplacement
Reference du modele initial           
Reference du modele perturbe          
Prediction du modele condense perturbe
Iljxuh 7144 = Txdolwì gh suìglfwlrq g*xqh uìsrqvh iuìtxhqwlhooh ã sduwlu gx prgëoh
frqghqvì shuwxueì +Sruwlëuh gh yìklfxoh,
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Fkdslwuh 71 Frqghqvdwlrq dgdswìh dx uhfdodjh hw ã o*rswlplvdwlrq gh prgëoh
Ohv whuphv glvvlsdwliv vrqw lqwurgxlwv vrxv od iruph g*dpruwlvvhphqwv prgdx{ gh
frh!flhqw uìgxlw g*xqh ydohxu gh I1
Rq rewlhqw xqh suìglfwlrq fruuhfwh ghv uìsrqvhv gdqv od edqgh gh iuìtxhqfhv g*dqd0
o|vh1 Ghv whvwv dgglwlrqqhov rqw gìprqwuì o*xwlolwì g*lqfoxuh ohv whuphv vwdwltxhv dx gurlw
ghv h{flwdwlrqv hq vxssoìphqw ghv prghv sursuhv +uhodwlrq +7148,, oruv gh od gìwhupl0
qdwlrq ghv irufhv g*huuhxu gdqv oh fdguh gh uìdqdo|vhv iuìtxhqwlhoohv1
71718 Uìvxowdwv rewhqxv oruv gh iruwhv shuwxuedwlrqv
Glvwdqfh prgëoh lqlwldo 2 prgëoh shuwxueì
Ohv ydohxuv qrplqdohv ghv prgxohv gh \rxqj vrqw pxowlsolìhv sdu f2 rx D1 Ohv ydohxuv
qrplqdohv ghv ìsdlvvhxuv vrqw pxowlsolìhv sdu fD rx D1 Od Iljxuh 7145/ fruuhvsrqgdqw ã
od glvwdqfh hq iruph +uhodwlrq +7177,, hqwuh ohv 63 suhplhuv yhfwhxuv sursuhv gìirupdeohv
ghv prgëohv qrq frqghqvìv lqlwldx{ hw shuwxueìv/ looxvwuh od qdwxuh ìohyìh gx qlyhdx gh
od shuwxuedwlrq dssoltxìh1
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Iljxuh 7145 = Glvwdqfh hq iruph ghv yhfwhxuv sursuhv lvvxv ghv prgëohv lqlwldo hw
shuwxueì +iruwh shuwxuedwlrq, +Sruwlëuh gh yìklfxoh,
D wlwuh lqglfdwli/ o*ìfduw hqwuh ohv uìvxowdwv prgdx{ lghqwlìv vxu od vwuxfwxuh uìhooh
hw ohv prghv gx prgëoh hvw gx píph ruguh gh judqghxu1
Uìvxowdwv prgdx{
Dsuëv h{sdqvlrq/ ohv yhfwhxuv sursuhv lvvxv ghv prgëohv uìgxlwv shuwxueìv vrqw frpsduìv
dx{ prghv gx v|vwëph shuwxueì gh uìiìuhqfh = rq ylvxdolvh Iljxuhv 7146 hw 7147 ohv
;5
7171 Dssolfdwlrq vxu xq prgëoh gh sruwlëuh gh yìklfxoh
glvwdqfhv hq iruph hqwuh fhv yhfwhxuv1
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Iljxuh 7146 = Edvh gh 6;3 prghv = glvwdqfh hq iruph hqwuh ohv yhfwhxuv sursuhv lvvxv
gx prgëoh shuwxueì gh uìiìuhqfh hw suìglwv sdu oh prgëoh frqghqvì shuwxueì +Sruwlëuh
gh yìklfxoh,
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Iljxuh 7147 = Edvh gh 69 prghv hw 677 uìvlgxv vwdwltxhv = glvwdqfh hq iruph hqwuh
ohv yhfwhxuv sursuhv lvvxv gx prgëoh shuwxueì gh uìiìuhqfh hw suìglwv sdu oh prgëoh
frqghqvì shuwxueì +Sruwlëuh gh yìklfxoh,
Pdojuì oh qlyhdx ìohyì gh od shuwxuedwlrq dssoltxìh/ oh prgëoh frqghqvì ã o*dlgh gh od
edvh gh prghv hqulfklv sdu ghv uìvlgxv vwdwltxhv/ dxwrulvh xqh h{fhoohqwh suìglfwlrq ghv
44 suhplëuhv vroxwlrqv sursuhv vdqv dxfxq furlvhphqw gh prghv1 Ohv huuhxuv uhodwlyhv
frpplvhv vxu fhv vroxwlrqv vrqw gx píph ruguh gh judqghxu txh gdqv oh fdv gh od
shuwxuedwlrq gh idleoh qlyhdx1
Oh prgëoh uìgxlw sxuhphqw prgdo hvw odujhphqw plv hq gìidxw vxu fh qlyhdx gh
shuwxuedwlrq1
;6
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718 H{whqvlrq gx sulqflsh gdqv oh fdguh gh uìgxf0
wlrq sdu v|qwkëvh prgdoh
Txhotxhv wudydx{ g*ìydoxdwlrq gh od urexvwhvvh ghv pìwkrghv gh v|qwkëvh prgdoh ylv0ã0
ylv gh shuwxuedwlrqv sdudpìwultxhv ^49` ^4;` rqw prqwuì txh o*rq qh srxydlw sulyloìjlhu
o*xqh rx o*dxwuh gh fhv pìwkrghv1 Rq revhuyh vlpsohphqw xqh erqqh urexvwhvvh ghv
pìwkrghv gh v|qwkëvh prgdoh oruvtxh ohv shuwxuedwlrqv vrqw uhodwlyhv ã ghv sdudpëwuhv
lqwhuyhqdqw olqìdluhphqw hw frqfhuqhqw o*lqwìjudolwì g*xqh vrxv0vwuxfwxuh1 Rq shxw prqw0
uhu txh ohv wudqvirupdwlrqv gh frqghqvdwlrq hw g*dvvhpeodjh ghv vrxv0vwuxfwxuhv ghphx0
uhqw txdvlphqw lqyduldqwhv srxu ghv shuwxuedwlrqv gh fhwwh qdwxuh1
Dq g*dffurñwuh od urexvwhvvh ghv prgëohv uìgxlwv sdu v|qwkëvh prgdoh/ rq sursrvh
g*dgmrlqguh ghv uìsrqvhv vwdwltxhv uìvlgxhoohv dvvrflìhv dx{prglfdwlrqv sdudpìwultxhv
gdqv ohv edvhv gh uìgxfwlrq ghv vrxv0vwuxfwxuhv1 Fhfl grlw frqgxluh ã ghv uìvxowdwv/ hq
whuph gh urexvwhvvh ghv edvhv gh wudqvirupdwlrq/ gx píph ruguh txh gdqv xqh dssurfkh
gh w|sh frqghqvdwlrq1
O*ìtxloleuh g|qdpltxh g*xqh vrxv0vwuxfwxuh & prglìh hvw h{sulpì sdu od uhodwlrq
+71<, rü ohv vroolflwdwlrqv g|qdpltxhv vxu o*hqvhpeoh s ghv ghjuìv gh olehuwì gh od vrxv0
vwuxfwxuh vrqw gìfrpsrvìhv hq ghx{ fkdujhphqwv = xq fkdujhphqw ese lqwhuqh ã od vrxv0
vwuxfwxuh hw xq fkdujhphqw es dssoltxì dx{ mrqfwlrqv =
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71814 V|qwkëvh prgdoh ã edvh gh prghv oleuhv
Gdqv oh fdguh g*xqh whfkqltxh gh v|qwkëvh prgdoh ã edvh gh prghv oleuhv/ od edvh gh
uìgxfwlrq hqulfklh A &
-
gh od vrxv0vwuxfwxuh & hvw gìqlh sdu o*h{suhvvlrq =
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Od edvh gh irufhv 8 &
{
dvvrflìhv dx{ prglfdwlrqv {~& gh od vrxv0vwuxfwxuh hvw
frqvwuxlwh gh pdqlëuh dqdorjxh ã od surfìgxuh gìqlh gdqv oh sdudjudskh 71515 rü ohv
uhodwlrqv +7154, v*ìfulyhqw +rq rphw o*lqglfh & gh od vrxv0vwuxfwxuh, =
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7191 Frqfoxvlrqv
rü od pdwulfh -3 hvw rewhqxh sdu uìgxfwlrq gh od pdwulfh ghv uìvlgxv vwdwltxhv -
dx pr|hq g*xqh gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv/ hw rü ohv uìvlgxv -e hw -
3
 vrqw
qrupdolvìv whov txh =
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+7183,
Oh owudjh ghv yhfwhxuv vwdwltxhv gh mrqfwlrq sdu xqh GYV hvw mxvwlì gdqv oh fdv
g*xqh iruwh frqqhfwlylwì gh od vrxv0vwuxfwxuh1
71815 V|qwkëvh prgdoh ã edvh gh prghv ã iurqwlëuh eortxìh
Rq shxw hqulfklu ohv edvhv gh frqghqvdwlrq gh vrxv0vwuxfwxuh gh w|sh Jx|dq rx Fudlj0
Edpswrq sdu ghv uìsrqvhv vwdwltxhv gx v|vwëph eortxì1 Od edvh gh uìgxfwlrq gh w|sh
Fudlj0Edpswrq hqulfklh hvw gìqlh sdu od uhodwlrq =
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Ohv edvhv gh irufhv 8 &{ vrqw doruv fdofxoìhv ã o*dlgh ghv pdwulfhv ghv pdfurv0ìoìphqwv
hw gh od edvh gh uìgxfwlrq gh od vrxv0vwuxfwxuh/ uhvwuhlqwhv vxu ohv ghjuìv gh olehuwì gx
v|vwëph eortxì1 Od surfìgxuh hvw vlplodluh ã fhooh gìfulwh gdqv oh sdudjudskh suìfìghqw/
dyhf qrwdpphqw xqh uìgxfwlrq gh od vrxv0edvh ghv prghv frqwudlqwv +uhvwuhlqwh dx{
ghjuìv gh olehuwì gx v|vwëph eortxì, sdu xqh gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv1
Gdqv oh fdv g*xqh surmhfwlrq gx prxyhphqw gh od vrxv0vwuxfwxuh vxu xqh edvh gh
Jx|dq/ ohv uìsrqvhv vwdwltxhv dvvrflìhv dx{ prglfdwlrqv fruuhvsrqghqw ã ghv whuphv
gh  h{lelolwì sxuh gx v|vwëph eortxì1
719 Frqfoxvlrqv
O*xwlolvdwlrq gh yhfwhxuv dgglwlrqqhov rewhqxv sdu ghv fkdujhphqwv vwdwltxhv uhsuìvhqwd0
wliv ghv irufhv gh shuwxuedwlrq shuphw od frqvwuxfwlrq gh prgëohv uìgxlwv urexvwhv1 Ohv
prgëohv gh fh w|sh uìsrqghqw dx{ ehvrlqv gh uìdqdo|vh uhqfrqwuìv oruv gh surfìgxuhv
gh uhfdodjh rx g*rswlplvdwlrq gh prgëohv ìoìphqwv qlv gh judqgh wdlooh1
Od whfkqltxh hpsor|ìh hvw jìqìudolvdeoh gdqv ohv surfìgxuhv gh uìgxfwlrq sdu v|q0
wkëvh prgdoh1
Od frqvwuxfwlrq ghv uìvlgxv vwdwltxhv gh od edvh gh uìgxfwlrq qh idlvdqw dssho ã
dxfxqh surfìgxuh lwìudwlyh/ ohv jdlqv qxpìultxhv dvvrflìv ã o*xwlolvdwlrq g*xqh whooh
uìdqdo|vh vrqw frqvlgìudeohv1
;8
Fkdslwuh 71 Frqghqvdwlrq dgdswìh dx uhfdodjh hw ã o*rswlplvdwlrq gh prgëoh
Gdqv oh fdguh g*xqh whfkqltxh gh uhfdodjh sdu uìgxfwlrq gh prgëohv/ od edvh gh
uìgxfwlrq rewhqxh shuphw o*rewhqwlrq g*xq prgëoh uìgxlw hq frrugrqqìhv sk|vltxhv
dgdswì dx{ grqqìhv revhuyìhv1 Od urexvwhvvh gx prgëoh gh qlyhdx 4 shuphw gh uh0
suìvhqwhu fruuhfwhphqw o*ìwdw gx prgëoh prglì uìgxlw dx{ qlyhdx{ 5 hw 6 ã fkdtxh
lwìudwlrq/ frqwulexdqw dlqvl ã od frqyhujhqfh gh od surfìgxuh gh uhfdodjh1
Lo hvw qìfhvvdluh gh frqvlgìuhu ohv whuphv vwdwltxhv dx gurlw ghv h{flwdwlrqv gdqv
o*ìwdeolvvhphqw gh od edvh gh uìgxfwlrq oruv gh uìdqdo|vhv iuìtxhqwlhoohv1
Gh píph/ lo frqylhqw gh gìfrxsohu ohv hhwv gxv ã ghv sdudpëwuhv qrq0olqìdluhv whov
txh o*ìsdlvvhxu g*xqh frtxh1
Rq shxw hqylvdjhu txhotxhv ìwxghv vxssoìphqwdluhv frqfhuqdqw od ydolgdwlrq gh od
whfkqltxh gdqv oh fdguh g*xqh v|qwkëvh prgdoh hw soxv jìqìudohphqw frqfhuqdqw oh
wudlwhphqw ghv irufhv g*huuhxu hw ghv uìsrqvhv vwdwltxhv jìqìuìhv gh pdqlëuh ã uhwhqlu
ohv yhfwhxuv vwdwltxhv ohv soxv xwlohv ã od uhsuìvhqwdwlrq gx prxyhphqw gh od vwuxfwxuh
shuwxueìh1
;9
Fkdslwuh 8
Pìwkrgh gh v|qwkëvh prgdoh
sursrvìh
814 Sulqflsh
Od whfkqltxh gìyhorssìh/ suìvhqwìh gdqv ohv sxeolfdwlrqv ^4<` ^5;` ^83`/ hvw lqvsluìh
gh od pìwkrgh gh PdfQhdo ^86` +sdudjudskh 615,1 O*dvvhpeodjh ghv vrxv0vwuxfwxuhv
frqghqvìhv hvw uìdolvì sdu ìolplqdwlrq ghv hruwv gh mrqfwlrq uìvlgxhov hw oh prgëoh
uìgxlw qdo rewhqx qh frpsruwh sdv gh ghjuìv gh olehuwì gh mrqfwlrq rx gh frrugrqqìhv
dvvrflìhv ã ghv uìsrqvhv vwdwltxhv dx gurlw gh fhv ghjuìv gh olehuwì1
O*ruljlqdolwì gh od yduldqwh sursrvìh uìvlgh gdqv o*xwlolvdwlrq gh wudqvirupdwlrqv
frqjuxhqwhv srxu ohv skdvhv gh frqghqvdwlrq hw g*dvvhpeodjh ghv vrxv0vwuxfwxuhv1 Oh
prgëoh uìgxlw qdo rewhqx sdu od pìwkrgh suìvhqwìh yìulh ohv uhodwlrqv +614, hw +615,
gìqlhv gdqv oh sdudjudskh 6141 Rq udsshooh o*h{suhvvlrq gh o*lpsìgdqfh ~-8 gx prgëoh
uìgxlw +o*lqglfh & ìwdqw uhodwli ã od &lëph vrxv0vwuxfwxuh, =
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Fhwwh irupxodwlrq frqgxlw ã xq jdlq qrq qìjoljhdeoh gdqv od suìflvlrq ghv uìvxowdwv
+sdudjudskh 818,1
Gh soxv/ rq sursrvh o*xwlolvdwlrq gh glyhuvhv edvhv gh frqghqvdwlrq frpsdwleohv ^84`
dyhf oh surfìgì g*dvvhpeodjh sursrvì +prghv frqwudlqwv ìyhqwxhoohphqw hqulfklv gh
prghv qrupdx{/ uìsrqvhv vwdwltxhv uìvlgxhoohv dvvrflìhv ã ghv }rqhv shuwxueìhv gh od
vrxv0vwuxfwxuh,1
Ohv edvhv gh frqghqvdwlrq sursrvìhv shxyhqw idluh o*remhw gh surfìgxuhv gh uhwrxu hq
frrugrqqìhv sk|vltxhv +gìqlhv gdqv oh sdudjudskh 51617, = rq rewlhqw dlqvl xq prgëoh
;:
Fkdslwuh 81 Pìwkrgh gh v|qwkëvh prgdoh sursrvìh
uìgxlw h{foxvlyhphqw h{sulpì vxu ghv frrugrqqìhv gh w|sh gìsodfhphqw lqwhuqhv dx{
vrxv0vwuxfwxuhv1
815 Pdwulfhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv
frpsdwleohv
Oh fdudfwëuh frppxq ghv pdwulfhv gh frqghqvdwlrq frpsdwleohv dyhf od pìwkrgh g*dv0
vhpeodjh suìvhqwìh uìvlgh gdqv od frqvhuydwlrq h{solflwh ghv frrugrqqìhv s& gh w|sh
hruwv gh mrqfwlrq gdqv ohv frrugrqqìhv uìgxlwhv dvvrflìhv ã fkdtxh vrxv0vwuxfwxuh
frqghqvìh =
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Ohv frrugrqqìhv s& vrqw dvvrflìhv ã xqh vrxv0edvh gh yhfwhxuv vwdwltxhv A
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prjëqh ã ghv yhfwhxuv gh  h{lelolwì vwdwltxh1
Od uhodwlrq +815, hvw ìtxlydohqwh ã o*h{suhvvlrq =%
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O*ìtxloleuh gx prgëoh uìgxlw gh od vrxv0vwuxfwxuh & hvw gìql sdu od uhodwlrq =
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Rq qrwhud txh ohv pdwulfhv g*ìwdw gx prgëoh frqghqvì ~& vrqw vrxyhqw gh udqj
qxpìultxhphqw gìflhqw1 Hq hhw/ ohv uìsrqvhv vwdwltxhv uìvlgxhoohv ã od mrqfwlrq vrqw
fdofxoìhv hq ghv ghjuìv gh olehuwì g*dxwdqw soxv surfkhv txh oh pdloodjh hvw q1 Oh
gìidxw gh udqj revhuyì ã fh vwdgh gh od uìgxfwlrq hvw vdqv frqvìtxhqfh srxu oh sureoëph
frqghqvì qdo gh od vwuxfwxuh dvvhpeoìh1 Dlqvl/ rq qh shxw hhfwxhu g*dqdo|vhv vwdwltxh/
prgdoh rx iuìtxhqwlhooh vxu oh prgëoh uìgxlw gh od vrxv0vwuxfwxuh1 Srxu fhod/ lo frqylhqw
gh frqvlgìuhu xqltxhphqw od uhvwulfwlrq ~^^ ghv pdwulfhv g*ìwdw vxu o*hqvhpeoh ghv
frrugrqqìhv ^&/ uhvwulfwlrq fruuhvsrqgdqw ã od vrxv0vwuxfwxuh frqghqvìh qrq dvvhpeoìh
+s&  f,1
;;
8151 Pdwulfhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv frpsdwleohv
Ohv glìuhqwhv edvhv sursrvìhv irqw o*remhw gh ydolgdwlrqv qxpìultxhv grqw ohv uì0
vxowdwv vrqw suìvhqwìv gdqv oh sdudjudskh 8181
Lo hvw srvvleoh g*xwlolvhu ghv edvhv gh frqghqvdwlrq gh qdwxuh glìuhqwh dq gh uì0
gxluh ohv prgëohv gh vrxv0vwuxfwxuhv vhorq ohxuv qdwxuhv hw ohxuv frqwulexwlrqv gdqv oh
frpsruwhphqw joredo gh od vwuxfwxuh1
Rq rphw gdqv fh sdudjudskh o*lqglfh vxsìulhxu & uhodwli ã od &lëph vrxv0vwuxfwxuh1
81514 Prghv oleuhv hqulfklv gh uìsrqvhv vwdwltxhv uìvlgxhoohv
Od edvh gh frqghqvdwlrq A hvw frqvwuxlwh ã sduwlu gh od uhodwlrq +4187, gh vxshusrvlwlrq
prgdoh dyhf fruuhfwlrq vwdwltxh/ uhodwlrq dqdorjxh ã o*ìtxdwlrq +6169, =
+ ' t Sn-sss +818,
Hq yxh g*xqh suìglfwlrq gh uìsrqvhv iuìtxhqwlhoohv ã o*dlgh gx prgëoh uìgxlw +gdqv
oh fdguh g*xqh frqiurqwdwlrq prgëoh 2 vwuxfwxuh uìhooh,/ rq frqvhuyh h{solflwhphqw ghv
ghjuìv gh olehuwì gh irufhv h{whuqhv dssoltxìhv vxu o*hqvhpeoh e1 Lo hq uìvxowh xqh idleoh
dxjphqwdwlrq gh od wdlooh gx sureoëph qdo1 Hq sudwltxh/ rq {h ã sulrul txhotxhv ghjuìv
gh olehuwì srwhqwlhov g*h{flwdwlrq sdu vrxv0vwuxfwxuh1 Rq rewlhqw grqf xqh idplooh gh
ghjuìv gh olehuwì sk|vltxhv gdqv oh v|vwëph uìgxlw qdo gdqv odtxhooh rq shxw gìqlu
xq fkrl{ rswlpdo gh pdqlëuh ã h{flwhu ohv prghv frqwhqxv gdqv od edqgh iuìtxhqwlhooh
g*lqwìuíw1 Hq dssurfkh prgdoh/ fh fkrl{ hvw lqxwloh hw lo q*hvw sdv qìfhvvdluh g*lqfoxuh
gdqv od edvh ohv uìsrqvhv vwdwltxhv uìvlgxhoohv fruuhvsrqgdqwhv1
Gdqv xq vrxfl g*dffurñwuh od urexvwhvvh gx prgëoh uìgxlw/ lo frqylhqw g*dgmrlqguh ã od
edvh prgdoh wurqtxìh t ghv uìvlgxv vwdwltxhv -{ uhodwliv ã ghv fkdujhphqwv vwdwltxhv
uhsuìvhqwdwliv ghv prglfdwlrqv vwuxfwxudohv ìyhqwxhoohv +whfkqltxh suìvhqwìh gdqv oh
fkdslwuh 7,1 Gdqv o*k|srwkëvh g*xq sdvvdjh hq frrugrqqìhv sk|vltxhv/ oh fkrl{ ghv
ghjuìv gh olehuwì pdñwuhv +hqvhpeoh 6, hvw doruv hhfwxì vxu od pdwulfh
k
t -{
l
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Rq suìflvh txh od edvh gh frqghqvdwlrq g*xqh vrxv0vwuxfwxuh grqw od frqwulexwlrq
gdqv oh frpsruwhphqw joredo gh od vwuxfwxuh hvw sxuhphqw vwdwltxh/ hvw frpsrvìh ghv
prghv uljlghv ìyhqwxhov gh od vrxv0vwuxfwxuh hw ghv yhfwhxuv gh sxuh  h{lelolwì vwdwltxh1
Wudqvirupdwlrq hq frrugrqqìhv jìqìudolvìhv
Oh v|vwëph uìgxlw qdo hvw h{sulpì lqwìjudohphqw hq frrugrqqìhv jìqìudolvìhv dvvrflìhv
dx{ prghv oleuhv hw dx{ uìsrqvhv vwdwltxhv uìvlgxhoohv1 D o*dlgh gh od sduwlwlrq ghv ghjuìv
gh olehuwì vxu ohv hqvhpeohv / e hw S/ od uhodwlrq gh frqghqvdwlrq gh od vrxv0vwuxfwxuh
;<
Fkdslwuh 81 Pìwkrgh gh v|qwkëvh prgdoh sursrvìh
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Wudqvirupdwlrq hq frrugrqqìhv sk|vltxhv
Hq dssoltxdqw xqh surfìgxuh gh sdvvdjh hq frrugrqqìhv sk|vltxhv +yrlu sdudjudskh
51617,/ od edvh gh frqghqvdwlrq +819, shxw íwuh gìqlh h{foxvlyhphqw vxu ghv ghjuìv gh
olehuwì lqwhuqhv ã od vrxv0vwuxfwxuh +hqvhpeoh 6 hw e, sdu od uhodwlrq =599997
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81515 Prghv frqwudlqwv
Od whfkqltxh sursrvìh shuphw o*dvvhpeodjh gh vrxv0vwuxfwxuhv frqghqvìhv sdu ghv wudqv0
irupdwlrqv gh w|sh Jx|dq0Lurqv1 Rq uhwurxyh od iruph gh od wudqvirupdwlrq sursrvìh
sdu Su}hplhqlhfnl ^95` gdqv oh fdguh gh o*dqdo|vh vwdwltxh1 Fhshqgdqw/ ohv ghjuìv gh ol0
ehuwì pdñwuhv +hqvhpeoh e, gh od wudqvirupdwlrq dvvrflìv dx{ prghv frqwudlqwv Xe/ vrqw
h{foxvlyhphqw fkrlvlv sdupl ohv ghjuìv gh olehuwì lqwhuqhv ã od vrxv0vwuxfwxuh +hqvhpeoh
,1 Od edvh gh yhfwhxuv vwdwltxhv gh mrqfwlrq qìfhvvdluh ã o*dvvhpeodjh hvw frqvwlwxìh
ghv yhfwhxuv gh  h{lelolwì gx v|vwëph eortxì +hqvhpeohv   S, dx gurlw ghv ghjuìv gh
olehuwì gh mrqfwlrq1
Od edvh gh frqghqvdwlrq hvw gìqlh sdu o*h{suhvvlrq =
+ ' AC+e n 7s +81;,
rü AC ' Xe1
Frpswh0whqx ghv sduwlwlrqv / e hw S/ od uhodwlrq +81;, hvw ìtxlydohqwh ã =5997
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8151 Pdwulfhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv frpsdwleohv
Fhwwh edvh hvw elhq dgdswìh srxu ohv vrxv0vwuxfwxuhv rx ìtxlshphqwv wuëv uljlghv grqw
ohv frqwulexwlrqv dx prxyhphqw joredo vrqw hvvhqwlhoohphqw vwdwltxhv1 Oh prxyhphqw
gh frusv uljlgh gh od vrxv0vwuxfwxuh hvw gìfulw sdu od vrxv0edvh ghv prghv frqwudlqwv
+vrxv uìvhuyh g*xq fkrl{ dgìtxdw ghv ghjuìv gh olehuwì gh o*hqvhpeoh e,1
81516 Prghv frqwudlqwv hqulfklv gh prghv qrupdx{ frpsd0
wleohv
Od edvh gh wudqvirupdwlrq +81<, shxw íwuh hqulfklh ã o*dlgh gh glìuhqwhv edvhv pr0
gdohv dq g*dxjphqwhu oh grpdlqh gh ydolglwì gx prgëoh uìgxlw gh od vrxv0vwuxfwxuh hw
grqf gx prgëoh uìgxlw qdo1 Ohv wudqvirupdwlrqv suìvhqwìhv shxyhqw íwuh h{sulpìhv hq
frrugrqqìhv sk|vltxhv +sdudjudskh 51617,1
Prghv eortxìv +dvvrflìv ã ghv ghjuìv gh olehuwì pdñwuhv gh Jx|dq lqwhuqhv
ã od vrxv0vwuxfwxuh,
Rq sursrvh xqh uhodwlrq gh frqghqvdwlrq dqdorjxh gdqv od iruph ã od uhodwlrq +6167,
+whfkqltxh gh Fudlj0Edpswrq, pdlv glìuhqwh gdqv od glvwulexwlrq ghv ghjuìv gh olehuwì1
Hq hhw/ ohv prghv qrupdx{ vrqw fdofxoìv ã sduwlu gx v|vwëph eortxì dvvrflì dx{ ghjuìv
gh olehuwì pdñwuhv lqwhuqhv ã od vrxv0vwuxfwxuh/ uhodwliv ã od vrxv0edvh gh Jx|dq1 Hq
uhwludqw od frqwulexwlrq vwdwltxh ghv prghv uhwhqxv dx{ whuphv gh  h{lelolwì gh mrqfwlrq/
rq lqwurgxlw od  h{lelolwì uìvlgxhooh gx v|vwëph eortxì1 Od uhodwlrq gh frqghqvdwlrq
v*h{sulph doruv hq frrugrqqìhv pl{whv =5997
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Rq qrwh txh o*rq shug/ gdqv fh fdv/ oh vhqv sk|vltxh kdelwxho ghv prghv qrupdx{
xwlolvìv gdqv od whfkqltxh gh Fudlj0Edpswrq dvvrflìv dx eorfdjh ghv iurqwlëuhv ghv vrxv0
vwuxfwxuhv1 Lo frqylhqw g*ìodujlu od edvh [ ghv prghv eortxìv lvvxv gx v|vwëph hvfodyh
vl o*rq fkrlvlw gh yhuurxloohu od vrxv0vwuxfwxuh sdu xq judqg qrpeuh gh ghjuìv gh olehuwì
pdñwuhv1
Prghv oleuhv
Ohv prghv frqwudlqwv gh Jx|dq shxyhqw íwuh frpsoìwìv sdu ghv vrxv0edvhv prgdoh t
hw vwdwltxh uìvlgxhooh - dvvrflìhv ã od vrxv0vwuxfwxuh oleuh1 Od frpsdwlelolwì hqwuh fhv
whuphv hw ohv prghv frqwudlqwv Xe hvw rewhqxh hq fkhufkdqw ã lghqwlhu ohv vrxv0edvhv 
<4
Fkdslwuh 81 Pìwkrgh gh v|qwkëvh prgdoh sursrvìh
hw2 gh od uhodwlrq +8144, txl vdwlvirqw o*h{suhvvlrq +8145,1 Rq lqwurgxlw whpsrudluhphqw
o*hqvhpeoh K '   S/ uhjurxsdqw ohv ghjuìv gh olehuwì ghv hqvhpeohv  hw S =
+K ' XKe+e nSn2s +8144,
+ ' t Sn-s +8145,
Hq sduwlwlrqqdqw od uhodwlrq +8145, vxu ohv hqvhpeohv e hw K/ rq lghqwlh o*h{suhvvlrq
ghv vrxv0edvhv  hw 2 uhfkhufkìhv =
 ' tK XKete +8146,
2 ' -K XKe-e +8147,
Od uhodwlrq gh frqghqvdwlrq hvw h{sulpìh gh pdqlëuh gìwdlooìh sdu od uhodwlrq =5997
+
+e
+S
6::8 '
5997
Xe t Xete - Xe-e
Uee f f
XSe tS XSete -S XSe-e
6::8
5997
+e
S
s
6::8 +8148,
Rq vljqdoh txh o*hpsorl ghv whuphv gh  h{lelolwì sxuh hq olhx hw sodfh ghv  h{lelolwìv
uìvlgxhoohv frqgxlw dx{ píphv uìvxowdwv qxpìultxhv1 Ohv vrxv0hvsdfhv uhsuìvhqwìv sdu
ohv wudqvirupdwlrqv vrqw lghqwltxhv1 Vlpsohphqw/ ohv frqglwlrqqhphqwv ghv pdwulfhv gh
wudqvirupdwlrq hw ghv pdwulfhv uìgxlwhv dxjphqwhqw1
816 Dvvhpeodjh ghv vrxv0vwuxfwxuhv sdu ohv irufhv
gh mrqfwlrq hw sdu wudqvirupdwlrq frqjuxhqwh
81614 Sulqflsh gh o*dvvhpeodjh
Od whfkqltxh g*dvvhpeodjh/ dqdorjxh gdqv vrq sulqflsh ã od whfkqltxh gh PdfQhdo ^86`
+yrlu sdudjudskh 615, frqvlvwh ã h{sulphu ohv hruwv gh mrqfwlrq uìvlgxhov s& gh fkdtxh
vrxv0vwuxfwxuh & hq irqfwlrq gh o*hqvhpeoh ghv frrugrqqìhv ^& jìqìudolvìhv/ pl{whv rx
sk|vltxhv +vhorq ohv wudqvirupdwlrqv A & xwlolvìhv, ghv vrxv0vwuxfwxuhv1 Fhwwh rsìudwlrq
gìqlw ohv wudqvirupdwlrqv frqjuxhqwhv g*dvvhpeodjh A & ghv vrxv0vwuxfwxuhv1
Oh prgëoh uìgxlw qdo ~-8 / rewhqx sdu od uhodwlrq +814,/ hvw irqfwlrq xqltxhphqw
ghv frrugrqqìhv ^&1
~-8 '
[
&
A &
A
 A
&A
 ~
&A &A
&
 +Udssho,
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rü =
+& ' A &
%
^&
s&
&
+Udssho,
Od skdvh g*dvvhpeodjh ghv vrxv0vwuxfwxuhv shxw íwuh uìdolvìh vlpxowdqìphqw vxu
o*hqvhpeoh ghv & vrxv0vwuxfwxuhv pdlv ìjdohphqw glìuìh hq soxvlhxuv ìwdshv = rq gìqlw
doruv od qrwlrq g*dvvhpeodjh glìuì hw o*rq lqwurgxlw oh frqfhsw g*remhw vxshu0ìoìphqw1
Ohv uìvxowdwv rewhqxv vhorq oh w|sh g*dvvhpeodjh xwlolvì vrqw lghqwltxhv +yrlu fkdslwuh
9,1
81615 Dvvhpeodjh vlpxowdqì ghv vrxv0grpdlqhv frqghqvìv
Dq gh vlpsolhu o*h{srvì/ rq frqvlgìuh ? vrxv0vwuxfwxuhv frxsoìhv vxu xqh iurqwlëuh
frppxqh1
Rq udsshooh od uhodwlrq gh wudqvirupdwlrq +816, uhodwlyh ã od frqghqvdwlrq g*xqh
vrxv0vwuxfwxuh & = %
+&
+&
&
'
%
A &^ A
&

A &^ A
&

&%
^&
s&
&
+8149,
D o*dlgh gh od uhvwulfwlrq gh od wudqvirupdwlrq +8149, vxu o*hqvhpeoh  ghv ghjuìv gh
olehuwì/ rq h{sulph ohv hruwv gh mrqfwlrq s& hq irqfwlrq ghv frrugrqqìhv sk|vltxhv gh
mrqfwlrq +& hw ghv frrugrqqìhv uìgxlwhv ^
& g*xqh vrxv0vwuxfwxuh & =
s& ' A
&3

k
+&  A &^^&
l
+814:,
Srxu ? vrxv0vwuxfwxuhv/ rq rewlhqw od uhodwlrq +814;, vdwlvidlvdqw o*ìtxdwlrq gh frp0
sdwlelolwì hq hruwv uìvlgxhov +5155, =
?[
&'
s& '
?[
&'
A &
3

k
+&  A &^^&
l
' f +814;,
O*ìtxdwlrq gh frpsdwlelolwì hq gìsodfhphqwv + ' +
&
 ;&/ qrxv grqqh o*h{suhvvlrq
ghv gìsodfhphqwv gh mrqfwlrq + irqfwlrq ghv frrugrqqìhv uìgxlwhv ^
& gh o*hqvhpeoh ghv
vrxv0vwuxfwxuhv =
+ '
%
?[
&'
A &
3

&
3 ?[
&'
A &
3

A &^^
& +814<,
Hq uhsruwdqw od uhodwlrq suìfìghqwh +814<, gdqv od uhodwlrq +814:,/ rq rewlhqw o*h{0
suhvvlrq ghv hruwv gh mrqfwlrq sursuhv ã fkdtxh vrxv0vwuxfwxuh irqfwlrq ghv frru0
<6
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grqqìhv uìgxlwhv ^& gh o*hqvhpeoh ghv vrxv0vwuxfwxuhv =
s& ' A
&3

57% ?[
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k
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6:::::8 +8153,
Fhwwh uhodwlrq shuphw g*h{sulphu oh phpeuh gh gurlwh gh od wudqvirupdwlrq +8149,
vrxv od iruph +8154, hw gìqlw od wudqvirupdwlrq g*dvvhpeodjh A & gh od vrxv0vwuxfwxuh
& =
%
^&
s&
&
'
%
u&
A &
&5999997
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^2
111
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6:::::8 ' A &
5999997
^
^2
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Od grxeoh wudqvirupdwlrq A &A
&
 +8155, frqgxlw dlqvl ã od frqghqvdwlrq gh od vrxv0
vwuxfwxuh & vxu vhv sursuhv frrugrqqìhv uìgxlwhv hw fhoohv ghv vrxv0vwuxfwxuhv dgmd0
fhqwhv =
+& ' A &A
&

5999997
^
^2
111
^?
6:::::8 +8155,
Dlqvl/ hq dssoltxdqw od wudqvirupdwlrq g*dvvhpeodjh A &/ od uhodwlrq g*ìtxloleuh +817,
gh od vrxv0vwuxfwxuh & frqghqvìh ghylhqw =
~&
5999997
^
^2
111
^?
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A
 A
&A
 E
es& n es&e  +8156,
rü ~& ' A
&A
 ~
&
A
&
 ' A
&A
 A
&A
 ~
&A &A
&
1
Dsuëv xqh vrppdwlrq ghv ? uhodwlrqv +8156,/ rq rewlhqw o*h{suhvvlrq =
?[
&'
~&
5999997
^
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 A
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 E
es& n es&e  +8157,
Rq yìulh dlvìphqw sdu fdofxo irupho od uhodwlrq vxlydqwh =
?[
&'
A &
A
 A
&A

es& ' f +8158,
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Oh prgëoh uìgxlw qdo ~-8 hvw rewhqx hw yìulh o*ìtxdwlrq g*ìtxloleuh =
~-8
5999997
^
^2
111
^?
6:::::8 '
?[
&'
A &
A
 A
&A

es&e +8159,
rü ~-8 '
?S
&'
~&1
Gdqv o*k|srwkëvh rü o*rq frqvhuyh ohv ghjuìv gh olehuwì sk|vltxhv +&e dvvrflìv dx{
hruwv h{wìulhxuv dssoltxìv gdqv o*hqvhpeoh ghv frrugrqqìhv ^& ghv vrxv0vwuxfwxuhv
frqghqvìhv/ oh whuph A &
A
 A
&A
 gh od uhodwlrq +8159, hvw ìtxlydohqw ã xqh pdwulfh gh
orfdolvdwlrq txl qh prglh sdv ohv irufhv dssoltxìhv1
81616 Dvvhpeodjh glìuì ghv vrxv0grpdlqhv frqghqvìv +pxowl0
qlyhdx{,
Dssurfkh rulhqwìh remhw
Fhwwh vwudwìjlh g*dvvhpeodjh glìuì v*lqvfulw sduidlwhphqw gdqv oh frqfhsw gh v|qwkëvh
prgdoh sdu vrxv0grpdlqh1 Hq hhw/ gdqv o*k|srwkëvh g*xq dvvhpeodjh vlpxowdqì/ xqh
prglfdwlrq orfdoh gx prgëoh +sdu h{hpsoh vxu xqh uìjlrq frqvwlwxìh g*xq hqvhpeoh
gh vrxv0vwuxfwxuhv, qìfhvvlwh qrq vhxohphqw xqh uìdfwxdolvdwlrq ghv wudqvirupdwlrqv gh
frqghqvdwlrq A & ghv vrxv0vwuxfwxuhv prglìhv pdlv ìjdohphqw od uìdfwxdolvdwlrq ghv
wudqvirupdwlrqv g*dvvhpeodjh A & gh wrxwhv ohv vrxv0vwuxfwxuhv1
Rq sursrvh xqh surfìgxuh g*dvvhpeodjh ã soxvlhxuv qlyhdx{ ylvdqw ã olplwhu oh frþw
dvvrflì ã od skdvh gh uìdfwxdolvdwlrq ghv wudqvirupdwlrqv g*dvvhpeodjh1
Dq g*looxvwuhu o*lqwìuíw g*xqh whooh vwudwìjlh/ rq frqvlgëuh wrxwhv ohv vrxv0vwuxfwxuhv
frqghqvìhv frpph ghv remhwv lqwhugìshqgdqwv1 Fhv remhwv vrqw vrxplv ã ghv frqwudlqwhv
gh frpsdwlelolwì ã ohxuv lqwhuidfhv +frqwudlqwhv dssoltxìhv vxu ohv frrugrqqìhv gh w|sh
hruwv gh mrqfwlrq s& ,/ txh o*rq v|perolvh sdu ghv olhqv lqwhu0remhwv +looxvwudwlrq Iljxuh
814,1
Fhv remhwv shxyhqw íwuh dvvhpeoìv hw iruphqw doruv xq qrxyho remhw txh o*rq qrpph
vxshu0ìoìphqw1
Rq looxvwuh Iljxuh 815 xqh skdvh gh gìqlwlrq gh vxshu0ìoìphqwv1
Ohv olhqv lqwhuqhv h{lvwdqwv hqwuh ohv remhwv g*xq píph vxshu0ìoìphqw vrqw vxs0
sulpìv oruv gh od fuìdwlrq gh o*remhw vxshu0ìoìphqw1 Fhw remhw vxshu0ìoìphqw qì g*xq
dvvhpeodjh frqvhuyh xqltxhphqw ghv olhqv h{whuqhv dyhf ohv dxwuhv remhwv h{lvwdqwv ã
<8
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Iljxuh 815 = Gìqlwlrq g*remhwv vxshu0ìoìphqwv
o*ìwdsh frqvlgìuìh +remhwv srxydqw íwuh g*dxwuhv vxshu0ìoìphqwv rx ghv vrxv0vwuxfwxuhv,
+looxvwudwlrq Iljxuh 816,1
Hq uìvxpì/ ã fkdtxh dvvhpeodjh g*remhwv/ ohv olhqv lqwhuqhv dx vxshu0ìoìphqw irupì
vrqw ìolplqìv1
Fkdtxh remhw uhsuìvhqwh xq prgëoh uìgxlw g*xqh rx soxvlhxuv vrxv0vwuxfwxuhv dv0
vhpeoìhv hw shxw íwuh dqdo|vì/ rswlplvì rx frqiurqwì ã ghv phvxuhv1 Rq qrwhud txh oh
ghuqlhu remhw jìqìuì uhsuìvhqwh oh prgëoh uìgxlw qdo gh od vwuxfwxuh1
Oh fkrl{ ghv jurxshphqwv g*remhwv +gìqlwlrq ghv vxshu0ìoìphqwv, hvw dgdswì sdu
o*lqjìqlhxu hq irqfwlrq ghv remhfwliv gh prglfdwlrqv rx g*rswlplvdwlrqv vwuxfwxudohv1
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0RGqOH UpGXLW ILQDO
Iljxuh 816 = Dvvhpeodjh ghv vxshu0ìoìphqwv
Irupxodwlrq gh o*dvvhpeodjh sdu vxshu0ìoìphqw
Rq glvwlqjxh ghx{ fdv gdqv od suìvhqwdwlrq gh od irupxodwlrq =
 xq fdv vlpsoh rü o*rq frqvlgëuh txh ohv olhqv +hruwv gh mrqfwlrq, ìolplqìv oruv gh
o*dvvhpeodjh g*xq vxshu0ìoìphqw vrqw xqltxhphqw lqwhuqhv1
 xq fdv pl{wh rü fhuwdlqv ghjuìv gh olehuwì gh mrqfwlrq shxyhqw íwuh lqwhuqhv hw
h{whuqhv dx vxshu0ìoìphqw +w|sltxhphqw  vrxv0vwuxfwxuhv frqqhfwìhv vxu xqh
píph iurqwlëuh hw grqw 2 vhxohphqw yrqw iruphu xq vxshu0ìoìphqw,1
 Fdv vlpsoh
Od fuìdwlrq g*xq vxshu0ìoìphqw frqvlvwh ã frqvwuxluh ohv wudqvirupdwlrqv g*dvvhp0
eodjh uhodwlyhv dx{ ? vrxv0vwuxfwxuhv frqvwlwxdqw o*remhw vxshu0ìoìphqw/ shuphwwdqw
g*h{sulphu ohv irufhv gh mrqfwlrq lqwhuqhv dx vxshu0ìoìphqw vxu ohv frrugrqqìhv uì0
gxlwhv ghv ? vrxv0vwuxfwxuhv dxjphqwìhv ghv frrugrqqìhv gh w|sh hruwv gh mrqfwlrq
h{whuqhv dx vxshu0ìoìphqw1
Fhwwh wudqvirupdwlrq hvw gìulyìh gx surfìgì g*dvvhpeodjh ghv vrxv0vwuxfwxuhv h{0
srvì gdqv oh sdudjudskh suìfìghqw +yrlu uhodwlrq +8154,,1 Lo frqylhqw vlpsohphqw gh
vxeglylvhu o*hqvhpeoh ghv frrugrqqìhv gh w|sh hruwv gh mrqfwlrq hq xq vrxv0hqvhpeoh
lqwhuqh s&?| hw xq vrxv0hqvhpeoh h{whuqh s
&
e%| ã od vrxv0vwuxfwxuh ? frqfhuqìh + '
?| e%|,1
Rq frqvwuxlw od wudqvirupdwlrq A &7. gh od vrxv0vwuxfwxuh & +lfl/ & '    ?,/ uhodwlyh
ã o*dvvhpeodjh g*xq vxshu0ìoìphqw/ shuphwwdqw g*h{sulphu oh phpeuh gh gurlwh gh od
<:
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uhodwlrq +8149, vrxv od iruph =
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+815:,
rü u&
^
hw u&
se%|
vrqw ghv pdwulfhv gh orfdolvdwlrq1
Ohv irufhv gh mrqfwlrq h{whuqhv dx vxshu0ìoìphqw s&
e%|
vrqw dvvlploìhv dx{ frru0
grqqìhv uìgxlwhv ^& ghv vrxv0vwuxfwxuhv hw qh vrqw sdv prglìhv gdqv od wudqvirupdwlrq
g*dvvhpeodjh A &
7.
1
 Fdv pl{wh
Rq hvw dphqì ã suhqguh hq frpswh 6 vrxv0hqvhpeohv frpsoìphqwdluhv sdupl ohv fr0
rugrqqìhv hruwv gh mrqfwlrq gh od vrxv0vwuxfwxuh frqghqvìh = xq vrxv0hqvhpeoh lqwhuqh
s&
?|
/ xq vrxv0hqvhpeoh h{whuqh s&
e%|
hw xq vrxv0hqvhpeoh glw pl{wh s&
6%|
ghv hruwv gh
mrqfwlrq ã od irlv lqwhuqhv hw h{whuqhv dx vxshu0ìoìphqw1 Rq looxvwuh fhwwh frqjxudwlrq
gh mrqfwlrq Iljxuh 8171
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Iljxuh 817 = Fdv pl{wh = 6 vrxv0hqvhpeohv gh irufhv gh mrqfwlrq
Dq g*dooìjhu o*ìfulwxuh/ rq gìqlw o*hqvhpeoh ghv hruwv gh mrqfwlrq s&

uhjurxsdqw
ohv vrxv0hqvhpeohv lqwhuqh s&
?|
hw pl{wh s&
6%|
+h ' ?| 6%|,1 Frpph suìfìghp0
phqw/ rq frqvlgëuh ohv irufhv gh mrqfwlrq h{whuqhv s&
e%|
frpph ghv frrugrqqìhv uìgxlwhv
<;
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^& txl qh vhurqw sdv prglìhv sdu od wudqvirupdwlrq g*dvvhpeodjh gx vxshu0ìoìphqw hw
rq ohv uhjurxsh dlqvl gdqv o*hqvhpeoh ^& +h^' ^  e%|,1
Rq h{sulph ohv hruwv gh mrqfwlrq s&

lqwhuqhv hw pl{whv vrxv xqh iruph dqdorjxh ã
od uhodwlrq +814:, =
s& ' A
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 A &
h h^
h^&l +815;,
Dq gh srxyrlu udffrughu g*dxwuhv remhwv vxshu0ìoìphqwv rx vrxv0vwuxfwxuhv dx
vxshu0ìoìphqw dvvhpeoì/ rq grlw suhqguh hq frpswh ohv hruwv gh mrqfwlrq ghv remhwv
h{wìulhxuv dx vxshu0ìoìphqw/ vxu o*hqvhpeoh ghv ghjuìv gh olehuwì gh w|sh pl{wh gdqv
o*ìtxloleuh ghv hruwv dx{ lqwhuidfhv1
Srxu xq hqvhpeoh gh ? vrxv0vwuxfwxuhv g*xq vxshu0ìoìphqw/ rq rewlhqw dlqvl xqh
uhodwlrq gìulyìh gh o*h{suhvvlrq +814;, =
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O*dssolfdwlrq gh o*ìtxdwlrq gh frpsdwlelolwì/ hq whuph g*ìjdolwì ghv gìsodfhphqwv
gh mrqfwlrq/ grqqh o*h{suhvvlrq ghv frrugrqqìhv gh mrqfwlrq + gh o*hqvhpeoh h irqfwlrq
ghv frrugrqqìhv uìgxlwhv ^& frqvlgìuìhv hw ghv irufhv gh mrqfwlrq gh w|sh pl{wh s&6%| =
+ '
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Hq lqwurgxlvdqw od uhodwlrq +8163, gdqv od uhodwlrq +815;,/ rq rewlhqw o*h{suhvvlrq ghv
irufhv gh mrqfwlrq sursuhv ã fkdtxh vrxv0vwuxfwxuh s&

irqfwlrq ghv frrugrqqìhv uìgxlwhv
^& hw ghv irufhv gh mrqfwlrq gh w|sh pl{wh s&6%| =
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Fhwwh uhodwlrq shuphw g*h{sulphu oh phpeuh gh gurlwh gh od wudqvirupdwlrq +8149,
vrxv od iruph +8165, hw gìqlw od wudqvirupdwlrq g*dvvhpeodjh A &7. =
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vrqw ghv pdwulfhv gh orfdolvdwlrq1
Prgëoh uìgxlw qdo
Oh qrpeuh gh qlyhdx{ gh vxshu0ìoìphqw q*hvw sdv olplwì1 Rq dvvrflh xqh wudqvirupdwlrq
g*dvvhpeodjh A &
E,
7.
ã fkdtxh uhjurxshphqw g*remhwv dx qlyhdx ,1 Rq rewlhqw oh prgëoh
uìgxlw qdo hq whuph gh pdwulfhv uìgxlwhv sdu ghv surgxlwv %frqjuxhqwv% pxowlsohv vhorq
oh qrpeuh gh qlyhdx{ gh vxshu0ìoìphqw gìqlv1
Soxvlhxuv fkhplqv rsìudwrluhv frqgxlvhqw dx prgëoh uìgxlw qdo1 Oh fkrl{ gh o*lwlqì0
udluh gh uìgxfwlrq hvw dgdswì vhorq ohv remhfwliv hqylvdjìv1
 Uìgxfwlrq sdv0ã0sdv
Ohv pdwulfhv uìgxlwhv ~E, ghv remhwv vrqw fdofxoìhv ã fkdtxh qlyhdx , gh uìgxfwlrq +&
remhwv dx qlyhdx ,, hw o*rsìudwlrq hvw uìsìwìh mxvtx*dx ghuqlhu qlyhdx gh uìgxfwlrq =
~E, '
[
&
A &
E,A
7.
~E,3A &
E,
7.
+8166,
 Uìgxfwlrq gluhfwh
Ohv pdwulfhv gh wudqvirupdwlrq vrqw uhjurxsìhv hq xqh vhxoh pdwulfh A &-8 sdu sur0
gxlwv pdwulflhov =
A &-8 ' A
&

\
,
A &
E,
7.
+8167,
Oh prgëoh frqghqvì qdo hvw rewhqx sdu vrppdwlrq ghv vrxv0vwuxfwxuhv uìgxlwhv
sdu ohv wudqvirupdwlrqv A &-8 =
~-8 '
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&A &-8 +8168,
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8171 Fdofxo ghv uìdfwlrqv ã o*lqwhuidfh gh od vrxv0vwuxfwxuh
817 Fdofxo ghv uìdfwlrqv ã o*lqwhuidfh gh od vrxv0
vwuxfwxuh
Vrlw ^7 xq yhfwhxu vroxwlrq gx sureoëph uìgxlw qdo +8159,1
Oh fdofxo ghv irufhv gh uìdfwlrq -&7 ã o*lqwhuidfh g*xqh vrxv0vwuxfwxuh/ gxhv ã xq
gìsodfhphqw ^7 gx prgëoh joredo/ q*hvw sdv lppìgldw ã o*lqvwdu ghv pìwkrghv gh w|sh
Jx|dq0Lurqv/ Fudlj0Edpswrq rx Pduwlqh}1
Dx qlyhdx g*xqh vrxv0vwuxfwxuh &/ oh yhfwhxu vroxwlrq hvw uhfrqvwlwxìh sdu o*h{suhv0
vlrq = %
^&
s&
&
7
' A &^7 +8169,
Oh whuph s& ' A
&

^7 fruuhvsrqg ã o*hruw gh uìdfwlrq uìvlgxho ã o*lqwhuidfh gh
od vrxv0vwuxfwxuh1 Dq g*dffìghu ã od wrwdolwì gh od uìdfwlrq ã o*lqwhuidfh/ lo frqylhqw
g*ìwdeolu xqh surfìgxuh dgglwlrqqhooh +uhodwlrqv +816:, ã +816<,,1
Hq o*devhqfh gh fkdujhphqw lqwhuqh/ o*ìtxloleuh gh od vrxv0vwuxfwxuh frqghqvìh +817,
v*h{sulph sdu od uhodwlrq =
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Rq xwlolvh od wudqvirupdwlrq A2 gìqlh gdqv od pìwkrgh gh Pduwlqh} sdu od uh0
odwlrq +616<, dq g*rewhqlu h{solflwhphqw ohv hruwv gh mrqfwlrq dx vhfrqg phpeuh gh
o*h{suhvvlrq +816:, =
A &
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Dlqvl/ ohv hruwv gh uìdfwlrq -&7 ã o*lqwhuidfh vrqw rewhqxv sdu o*h{suhvvlrq =%
f
-&7
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818 Uìvxowdwv qxpìultxhv = fdv dfdgìpltxhv
Ohv uìvxowdwv rewhqxv vxu ghx{ h{hpsohv dfdgìpltxhv vrqw suìvhqwìv1
Gdqv oh suhplhu h{hpsoh/ rq frqiurqwh od pìwkrgh sursrvìh dyhf ohv whfkqltxhv gh
PdfQhdo hw Uxelq srxu ghv prgëohv uìgxlwv gh píph wdlooh1 Rq ydolgh ìjdohphqw oh
sulqflsh gh grxeoh frqghqvdwlrq hq frrugrqqìhv sk|vltxhv1
Oh vhfrqg h{hpsoh hvw gìglì dx{ whvwv frpsdudwliv ghv glìuhqwhv edvhv gh frqghq0
vdwlrq sursrvìhv1
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Fkdslwuh 81 Pìwkrgh gh v|qwkëvh prgdoh sursrvìh
Od vwudwìjlh sursrvìh hvw dssoltxìh vxu 2 prgëohv gh vwuxfwxuhv lqgxvwulhoohv gh
judqgh wdlooh gdqv oh fkdslwuh 91
81814 Sodtxh uhqirufìh sdu xq suroì hq X
Od vwuxfwxuh whvwìh/ looxvwuìh Iljxuh 818/ hvw frqvwlwxìh g*xq dvvhpeodjh gh 2 vrxv0
vwuxfwxuhv/ xqh sodtxh hw xq suroì hq X/ hqfdvwuìhv vxu xq f÷wì1 Oh prgëoh ìoìphqwv
qlv dvvhpeoì frpsruwh 2ef ghjuìv gh olehuwì/ vrlw xqh uìsduwlwlrq hq bHf ghjuìv gh
olehuwì srxu od sodtxh hw Hf ghjuìv gh olehuwì srxu oh suroì1 Ohv ghjuìv gh olehuwì gh
mrqfwlrq vrqw dx qrpeuh gh 2f1
  3RLQWVGªH[FLWDWLRQ
Iljxuh 818 = Prgëoh ìoìphqwv qlv gh od sodtxh uhqirufìh
Ohv ìoìphqwv xwlolvìv vrqw gh w|sh frtxh plqfh ã 7 qrhxgv hw 9 ghjuìv gh olehuwì1
Frpsdudlvrq gh 6 pìwkrghv gh vrxv0vwuxfwxudwlrq
Rq frpsduh od suìflvlrq ghv vroxwlrqv sursuhv g*xq prgëoh uìgxlw rewhqx ã sduwlu ghv
pìwkrghv gh PdfQhdo/ Uxelq +yrlu sdudjudskh 615, hw gh od whfkqltxh sursrvìh hq
frqjxudwlrq prghv oleuhv hw  h{lelolwì uìvlgxhooh1 Ohv v|vwëphv uìgxlwv vrqw gh wdloohv
lghqwltxhv hw h{sulpìv hq frrugrqqìhv jìqìudolvìhv1
Srxu ohv  pìwkrghv whvwìhv/ rq uhwlhqw uhvshfwlyhphqw bD hw D prghv qrupdx{
gdqv ohv edvhv gh surmhfwlrq ghv gìsodfhphqwv gh od sodtxh hw gx suroì1 Od wdlooh ghv
v|vwëphv uìgxlwv sdu ohv  pìwkrghv hvw grqf gh f1
Ohv Sf suhplëuhv vroxwlrqv sursuhv uhfrqvwlwxìhv vxu wrxv ohv ghjuìv gh olehuwì/ re0
whqxhv sdu ohv  pìwkrghv/ vrqw frpsduìhv dx{ vroxwlrqv h{dfwhv fdofxoìhv ã o*dlgh gx
v|vwëph frpsohw1 Oh grpdlqh iuìtxhqwlho uhsuìvhqwì hvw df bffo K}1 Rq udsshooh gdqv
ohv uhodwlrqv +8173, hw +8174, ohv fulwëuhv ghv huuhxuv uhodwlyhv vxu ohv iuìtxhqfhv sursuhv
0s hw vxu ohv yhfwhxuv sursuhv 0+ =
0s '
ms  se%@S|m
se%@S|
+8173,
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0+ '
n+  +e%@S|n
n+e%@S|n +8174,
Ohv uìvxowdwv vrqw looxvwuìv Iljxuhv 819 hw 81:1
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Iljxuh 819 = Huuhxu uhodwlyh vxu ohv iuìtxhqfhv sursuhv suìglwhv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Sodtxh uhqirufìh,
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Iljxuh 81: = Huuhxu uhodwlyh vxu ohv yhfwhxuv sursuhv suìglwv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Sodtxh uhqirufìh,
Oh v|vwëph uìgxlw sdu od pìwkrgh gh PdfQhdo shuphw gh fdofxohu 22prghv dyhf xqh
suìflvlrq lqiìulhxuh ã 2I vxu ohv yhfwhxuv sursuhv1 Od whfkqltxh gh Uxelq hw od pìwkrgh
sursrvìh shuphwwhqw oh fdofxo gh soxv gh Df prghv ã xqh suìflvlrq ìtxlydohqwh1
Fhw h{hpsoh prqwuh o*lqwìuíw g*xqh irupxodwlrq sdu wudqvirupdwlrq frqjuxhqwh1
Elhq txh ohv edvhv gh uìgxfwlrq vrlhqw lghqwltxhv ã fhoohv xwlolvìhv gdqv od whfkqltxh gh
PdfQhdo/ od irupxodwlrq sursrvìh shuphw ghv suìglfwlrqv dyhf xqh suìflvlrq vxsìulhxuh1
Fhwwh suìflvlrq hvw gx píph ruguh txh fhooh rewhqxh dyhf xqh whfkqltxh gh w|sh Uxelq =
od pìwkrgh sursrvìh qh qìfhvvlwh sdv oh fdofxo g*xq uìvlgx g|qdpltxh hw g*dssolfdwlrq
g*xqh irufh irqfwlrq gh od sxovdwlrq gdqv oh fdofxo g*xqh uìsrqvh irufìh1
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Fkdslwuh 81 Pìwkrgh gh v|qwkëvh prgdoh sursrvìh
Shuirupdqfhv g*xqh grxeoh frqghqvdwlrq gdqv oh fdguh gh od suìglfwlrq gh
uìsrqvhv hq iuìtxhqfh
Rq ìwxglh pdlqwhqdqw od txdolwì gh uìsrqvhv iuìtxhqwlhoohv suìglwhv ã sduwlu g*xq prgëoh
uìgxlw hq frrugrqqìhv sk|vltxhv rewhqx dsuëv xqh grxeoh frqghqvdwlrq = xqh v|qwkëvh
prgdoh sdu od pìwkrgh sursrvìh +wudqvirupdwlrq gh frqghqvdwlrq g*xqh vrxv0vwuxfwxuh
gìqlh sdu od uhodwlrq +81:,, vxlylh g*xqh frqghqvdwlrq prgdoh dyhf ghv uìvlgxv vwdwltxhv
+gìqlh sdu od uhodwlrq +6175,,1
Rq frqvwuxlw hq suhplhu xq prgëoh lqwhupìgldluh hq frrugrqqìhv sk|vltxhv ã D
ghjuìv gh olehuwì/ vrlw bD ghjuìv gh olehuwì pdñwuhv +hqvhpeoh 6,/  ghjuìv gh olehuwì gh
irufhv h{whuqhv +hqvhpeoh e, srxu od sodtxh hw D ghjuìv gh olehuwì pdñwuhv +hqvhpeoh
6,/ 2 ghjuìv gh olehuwì gh irufhv h{whuqhv +hqvhpeoh e, srxu oh suroì hq X1
Oh v|vwëph rewhqx hvw hqvxlwh frqghqvì ã qrxyhdx gh pdqlëuh ã glvsrvhu g*xq
prgëoh qdo hq frrugrqqìhv sk|vltxhv gh wdlooh frpsdudeoh dx qrpeuh gh prghv suì0
vhqwv gdqv od edqgh g*lqwìuíw1 Rq vh {h/ d sulrul/ xqh edqgh xwloh gh df ffo K}1 Od
wdlooh gx v|vwëph qdo hvw gh 2f ghjuìv gh olehuwì +D ghjuìv gh olehuwì pdñwuhv +hqvhpeoh
6, hw D ghjuìv gh olehuwì gh irufhv h{whuqhv +hqvhpeoh e,1 Ohv D yhfwhxuv sursuhv hw
ohv yhfwhxuv gh  h{lelolwì uìvlgxhooh frpsrvdqw od vhfrqgh wudqvirupdwlrq vrqw fdofxoìv
ã sduwlu gx prgëoh lqwhupìgldluh ã D ghjuìv gh olehuwì sk|vltxhv1 Xq dpruwlvvhphqw
prgdo gh I hvw lqwurgxlw vxu fkdtxh prgh gdqv oh fdofxo ghv uìsrqvhv1
Rq suìvhqwh Iljxuhv 81;/ 81< hw 8143 txhotxhv uìsrqvhv iuìtxhqwlhoohv h{dfwhv hw
suìglwhv ã sduwlu gx prgëoh qdo ã 2f ghjuìv gh olehuwì1 Od Iljxuh 8143 suìvhqwh od
pr|hqqh ghv irqfwlrqv gh uìsrqvh hq iuìtxhqfh revhuyìhv vxu ohv 2f ghjuìv gh olehuwì
gx prgëoh qdo1
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Iljxuh 81; = Txdolwì gh suìglfwlrq g*xqh uìsrqvh iuìtxhqwlhooh +dx gurlw g*xqh h{flwd0
wlrq, ã sduwlu gx prgëoh uìgxlw ã 53 ghjuìv gh olehuwì sk|vltxhv +Sodtxh uhqirufìh,
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Iljxuh 81< = Txdolwì gh suìglfwlrq g*xqh uìsrqvh iuìtxhqwlhooh +dx gurlw g*xq g1g1o1
pdñwuh, ã sduwlu gx prgëoh uìgxlw ã 53 ghjuìv gh olehuwì sk|vltxhv +Sodtxh uhqirufìh,
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Iljxuh 8143 = Txdolwì gh suìglfwlrq ghv uìsrqvhv iuìtxhqwlhoohv ã sduwlu gx prgëoh
uìgxlw +pr|hqqh vxu ohv 53 ghjuìv gh olehuwì sk|vltxhv, +Sodtxh uhqirufìh,
Oh frpsruwhphqw g|qdpltxh gx prgëoh lqlwldo hvw fruuhfwhphqw suìglw hw suìvhuyì
sdu oh prgëoh uìgxlw hq frrugrqqìhv sk|vltxhv ã 2f ghjuìv gh olehuwì gdqv od edqgh
xwloh {ìh df ffo K}/ txl frqwlhqw ohv D suhplhuv prghv1
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Fkdslwuh 81 Pìwkrgh gh v|qwkëvh prgdoh sursrvìh
81815 Sodtxhv dvvhpeoìhv hq ìtxhuuh
Rq sursrvh xqh ydolgdwlrq gh od pìwkrgh sursrvìh dyhf glìuhqwhv edvhv gh frqghqvd0
wlrq vxu xqh vwuxfwxuh oleuh gh 2Dff ghjuìv gh olehuwì/ frqvwlwxìh g*xq dvvhpeodjh gh D
sodtxhv hq ìtxhuuh looxvwuì Iljxuh 81441 Ohv ìoìphqwv xwlolvìv vrqw gh w|sh frtxh plqfh
ã 6 rx 7 qrhxgv hw 9 ghjuìv gh olehuwì sdu qrhxg1 Rq gìqrpeuh 222 ghjuìv gh olehuwì
gh mrqfwlrq1
6RXV
6WUXFWXUH 
6RXV6WUXFWXUH
6RXV6WUXFWXUH
6RXV6WUXFWXUH
6RXV6WUXFWXUH
Iljxuh 8144 = Prgëoh ìoìphqwv qlv gh o*ìtxhuuh
Ohv irupxodwlrqv whvwìhv/ sursrvìhv gdqv oh sdudjudskh 815/ vrqw ohv vxlydqwhv =
 prghv oleuhv hw  h{lelolwì uìvlgxhooh +uhodwlrq +81:,,
 prghv frqwudlqwv lqwhuqhv hqulfklv gh prghv oleuhv hw gh  h{lelolwì uìvlgxhooh frp0
sdwleohv +uhodwlrq +8148,,
 prghv frqwudlqwv lqwhuqhv hqulfklv gh prghv hw gh  h{lelolwì uìvlgxhooh gx v|vwëph
eortxì dvvrflì +uhodwlrq +8143,,
 prghv frqwudlqwv lqwhuqhv hw  h{lelolwì gx v|vwëph eortxì dvvrflì +uhodwlrq +81<,,
Rq suìvhqwh ìjdohphqw ã wlwuh frpsdudwli ohv uìvxowdwv rewhqxv dyhf xqh pìwkrgh gh
w|sh Fudlj0Edpswrq dyhf od suìvhqfh ghv ghjuìv gh olehuwì gh mrqfwlrq gdqv oh prgëoh
uìgxlw qdo1
Od frpsrvlwlrq ghv edvhv gh frqghqvdwlrq ghv pìwkrghv whvwìhv hvw gìwdlooìh gdqv
oh Wdeohdx 8141
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Pìwkrghv Prghv Prghv Prghv Prghv Prghv Wdlooh
gh uìgxfwlrq Frgh uljlghv oleuhv eortxìv gh  h{lelolwì frqwudlqwv prgëoh
Prghv oleuhv D 63 93 0 8<7 0 <3
Prghv frqwudlqwv
. prghv oleuhv E 0 93 0 8<7 8< 44<
Prghv frqwudlqwv
. prghv eortxìv F 0 0 93 8<7 8< 44<
Prghv frqwudlqwv G 0 0 0 8<7 458 458
Fudlj0Edpswrq H 0 0 93 0 8<7 5;5
Wdeohdx 814 = Frpsrvlwlrq ghv edvhv gh frqghqvdwlrq +Htxhuuh,
Rq suìvhqwh Iljxuhv 8145 hw 8146 ohv huuhxuv uhodwlyhv 0s hw 0+ gìqlhv sdu ohv uhodwlrqv
+8173, hw +8174,/ vxu ohv ef suhplëuhv vroxwlrqv sursuhv suìglwhv ã o*dlgh ghv prgëohv
uìgxlwv hw uhfrqvwlwxìhv vxu wrxv ohv ghjuìv gh olehuwì1
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Iljxuh 8145 = Huuhxu uhodwlyh vxu ohv iuìtxhqfhv sursuhv suìglwhv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Htxhuuh,
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Fkdslwuh 81 Pìwkrgh gh v|qwkëvh prgdoh sursrvìh
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Iljxuh 8146 = Huuhxu uhodwlyh vxu ohv yhfwhxuv sursuhv suìglwv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Htxhuuh,
Elhq txh od vwuxfwxuh vrlw uljlglìh/ ohv edvhv gh prghv oleuhv rx gh prghv frqw0
udlqwv hqulfklv gh prghv oleuhv grqqhqw ohv phloohxuv uìvxowdwv1 O*dgmrqfwlrq gh prghv
frqwudlqwv dx{ prghv oleuhv dpìolruh idleohphqw ohv uìvxowdwv1
Ohv uìvxowdwv rewhqxv dyhf od whfkqltxh gh Fudlj0Edpswrq vrqw g*xqh prlqv erqqh
suìflvlrq elhq txh od wdlooh gx prgëoh uìgxlw vrlw  irlv vxsìulhxuh ã fhooh gx prgëoh
rewhqx dyhf xqh edvh gh prghv oleuhv1
Ohv uìvxowdwv rewhqxv sdu v|qwkëvh prgdoh ã o*dlgh ghv edvhv gh prghv frqwudlqwv
vrqw dffhswdeohv vxu ohv D suhplhuv prghv fdofxoìv1 O*hpsorl gh prghv eortxìv dvvrflìv
dx{ prghv frqwudlqwv dxjphqwh vhqvleohphqw od txdolwì ghv edvhv gh frqghqvdwlrq1
819 Frqfoxvlrqv
O*hpsorl gh irupxodwlrqv gh wudqvirupdwlrqv frqjuxhqwhv hvw ã sulyloìjlhu txdqw ã od
suìflvlrq ghv uìvxowdwv1
Od pìwkrgh g*dvvhpeodjh vlpxowdqì sdu ohv hruwv gh mrqfwlrq hvw ydolgìh1
O*devhqfh ghv ghjuìv gh olehuwì sk|vltxhv gh mrqfwlrq gh o*hqvhpeoh ghv frrugrqqìhv
uìgxlwhv qh gìjudgh sdv od suìflvlrq g*xq prgëoh uìgxlw sdu v|qwkëvh prgdoh1
Lo hvw srvvleoh g*hpsor|hu glìuhqwhv edvhv gh frqghqvdwlrq frpsdwleohv dyhf od
whfkqltxh g*dvvhpeodjh sursrvìh1
Vrxv uìvhuyh g*lqfoxuh ghv uìsrqvhv vwdwltxhv dx gurlw ghv h{flwdwlrqv lqwhuqhv dx{
43;
8191 Frqfoxvlrqv
vrxv0vwuxfwxuhv gdqv ohv edvhv gh uìgxfwlrq/ rq rewlhqw xq prgëoh uìgxlw fdsdeoh gh
suìgluh gh idêrq fruuhfwh oh frpsruwhphqw gh od vwuxfwxuh vrxplvh ã ghv fkdujhphqwv
g|qdpltxhv1 Fhod uhvwh ydodeoh gdqv oh fdv g*xqh frqghqvdwlrq ã soxvlhxuv qlyhdx{ hq
frrugrqqìhv sk|vltxhv1
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Fkdslwuh 9
Dssolfdwlrqv ã ghv prgëohv
lqgxvwulhov gh w|sh dxwrpreloh
Rq suìvhqwh gdqv fh fkdslwuh ohv uìvxowdwv gh od whfkqltxh gh v|qwkëvh prgdoh sursrvìh
gdqv oh fkdslwuh 8/ dssoltxìh ã 2prgëohv gh vwuxfwxuhv lqgxvwulhoohv gh w|sh dxwrpreloh/
vrlw xq sodqfkhu gh fkdujh hw xqh fdlvvh qxh1
Oh whvw uìdolvì vxu oh sodqfkhu gh fkdujh d srxu remhfwli od frpsdudlvrq ghv uìvxo0
wdwv rewhqxv dyhf od whfkqltxh suìvhqwìh ylv0ã0ylv ghv pìwkrghv fodvvltxhv dlqvl txh od
ydolgdwlrq gh o*dvvhpeodjh ã soxvlhxuv qlyhdx{1
Oh prgëoh gh fdlvvh hvw uhsuìvhqwdwli g*xqh vwuxfwxuh frpsoh{h hw suìvhqwh xq kdxw
ghjuì gh frqqhfwlylwì1 Od whfkqltxh sursrvìh hvw sduwlfxolëuhphqw dgdswìh ã od uìgxf0
wlrq g*xq who prgëoh sdu v|qwkëvh prgdoh hw vhv shuirupdqfhv hq whuph gh suìflvlrq gh
suìglfwlrq hw hq whuph gh wdlooh gx prgëoh uìgxlw vrqw dlqvl plv hq ìylghqfh1
Ohv whvwv qxpìultxhv suìvhqwìv gdqv fh fkdslwuh rqw ìwì uìdolvìv gdqv oh fdguh gh
frqwudwv lqgxvwulhov ^49` ^4:` sursrvìv sdu od Gluhfwlrq ghv Uhfkhufkhv hw Ddluhv Vflhqwl0
txhv gx J1L1H1 S1V1D1 Shxjhrw0Flwurîq +fhqwuh g*hvvdlv Flwurîq gh Yìol}|0Yloodfrxeod|
+.H,,1 Ohv pìwkrghv whvwìhv +pìwkrghv gh Fudlj0Edpswrq/ Pduwlqh} hw sursrvìh, rqw
grqqì olhx ã o*ìoderudwlrq g*xq rxwlo orjlflho gh uìgxfwlrq sdu v|qwkëvh prgdoh ^85` gì0
yhorssì vxu od sodwh0iruph Surwr0G|qdpltxh +OPDUF2Lqwhvsdfh, hq odqjdjh Pdwode
+PdwkZrunv/ Lqf1, hw lqwhuidfì dx pr|hq gx odqjdjh Gpds dyhf oh frgh ìoìphqwv qlv
Qdvwudq +PdfQhdo0Vfkzhqgohu Frusrudwlrq,1
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914 Sodqfkhu gh fkdujh gh yìklfxoh
91414 Fdudfwìulvwltxhv gx prgëoh
Od vwuxfwxuh prgìolvìh fruuhvsrqg ã od sduwlh lqiìulhxuh qrq ìtxlsìh gx fruh g*xq
yìklfxoh +Iljxuh 914,1 Hooh hvw frqvwlwxìh g*xq dvvhpeodjh gh 2. slëfhv ìoìphqwdluhv txh
o*rq frqvlgëuh frpph dxwdqw gh vrxv0vwuxfwxuhv1
x
y
z
Iljxuh 914 = Prgëoh ìoìphqwv qlv gx sodqfkhu gh fkdujh
Ohv vrxv0vwuxfwxuhv ohv soxv lpsruwdqwhv vrqw od sodtxh qhuyxuìh gh edvh/ ohv suroìv
hq X reoltxhv txl irqw r!fh gh udlglvvhxuv hw ohv uhqiruwv dydqw hw duulëuh1
Oh prgëoh hvw pdlooì hq ìoìphqwv frtxhv gh w|sh wuldqjoh hw txdgudqjoh ã 9 ghjuìv
gh olehuwì sdu qrhxg hw frpsruwh hqylurq eD Dff ghjuìv gh olehuwì1
Rq gìqrpeuh 2fb qrhxgv gh vrxgxuh vrlw 2De ghjuìv gh olehuwì gh mrqfwlrq1
Ohv frqglwlrqv dx{ olplwhv dssoltxìhv dx prgëoh vrqw gh w|sh hqfdvwuhphqw vxu ohv
erugv odwìudx{ +2  qrhxgv hqfdvwuìv,1
Rq gìqlw xqh edqgh g*dqdo|vh df ffo K} frpsuhqdqw 2. prghv gìirupdeohv1 Rq
dsshooh iuìtxhqfh xwloh +Ix, od eruqh vxsìulhxuh gh od edqgh g*dqdo|vh +Ix @ ff K},1
Ohv suhplhuv prghv gh od vwuxfwxuh vrqw ylvxdolvìv Iljxuh 9151
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mode 1 
x
z
y
mode 2 
x
z
y
mode 3
x
z
y
mode 4
x
z
y
mode 5
x
z
y
mode 6
x
z
y
Iljxuh 915 = Suhplhuv prghv gx sodqfkhu gh fkdujh
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91415 Pìwkrghv whvwìhv
Pìwkrgh gh Pduwlqh}
Ohv edvhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv vrqw irupìhv ã sduwlu ghv yhfwhxuv gh
 h{lelolwì uìvlgxhooh dx gurlw ghv ghjuìv gh olehuwì gh mrqfwlrq hw ghv prghv qrupdx{ ã
lqwhuidfh oleuh +sdudjudskh 61417,1
Oh qrpeuh gh prghv oleuhv sdu vrxv0vwuxfwxuh hvw fkrlvl vhorq xq fulwëuh iuìtxhqwlho
hpslultxh = rq lqfoxw gdqv od edvh gh uìgxfwlrq ohv prghv frpsrvdqwv grqw ohv iuì0
txhqfhv sursuhv vrqw frpsulvhv gdqv xqh edqgh iuìtxhqwlhooh gh f ã Ix +Iuìtxhqfh
xwloh,/ vrlw xqh edqgh df  bffo K}1 Fh fulwëuh hvw jìqìudohphqw vdwlidlvdqw/ | frpsulv
srxu ohv vwuxfwxuhv vrxsohv uljlglìhv orfdohphqw1
Od wdlooh gx prgëoh uìgxlw hvw gh .DS ghjuìv gh olehuwì uìsduwlv hq 2De ghjuìv gh
olehuwì gh mrqfwlrq hw Df2 frrugrqqìhv jìqìudolvìhv dvvrflìhv dx{ prghv frpsrvdqwv1
Pìwkrgh gh Fudlj0Edpswrq
Ohv wudqvirupdwlrqv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv vrqw gìqlhv ã o*dlgh ghv prghv
frqwudlqwv dx gurlw ghv ghjuìv gh olehuwì gh mrqfwlrq hw ghv prghv qrupdx{ ã lqwhuidfh
eortxìh +sdudjudskh 61416,1
Rq uhwlhqw lqlwldohphqw ohv prghv eortxìv gdqv xqh edqgh gh f ã .Ix/ vrlw xqh
edqgh df2ffo K}1 Od wdlooh gx prgëoh uìgxlw hvw gh .e ghjuìv gh olehuwì uìsduwlv hq
2De ghjuìv gh olehuwì gh mrqfwlrq hw eHb frrugrqqìhv jìqìudolvìhv dvvrflìhv dx{ prghv
frpsrvdqwv1
Lo hvw gìolfdw gh gìqlu xq fulwëuh iuìtxhqwlho ydodeoh srxu gìwhuplqhu d sulrul oh
qrpeuh gh prghv frpsrvdqwv ã iurqwlëuh eortxìh gdqv ohv edvhv gh frqghqvdwlrq1 Hq
hhw/ ohv iuìtxhqfhv sursuhv gh fhv prghv gìshqghqw iruwhphqw gh od orfdolvdwlrq ghv
qrhxgv gh mrqfwlrq1
Rq shxw uhpìglhu ã fh sureoëph hq hhfwxdqw ghx{ fdofxov dgglwlrqqhov sdu vrxv0
vwuxfwxuh = xq fdofxo ghv iuìtxhqfhv sursuhv vxu od vrxv0vwuxfwxuh qrq frqghqvìh ã
iurqwlëuh oleuh hw xq fdofxo ghv iuìtxhqfhv sursuhv vxu od vrxv0vwuxfwxuh frqghqvìh sdu od
edvh gh Fudlj0Edpswrq/ hhfwxìv gdqv xqh edqgh iuìtxhqwlhooh gh f ã Ix1 Rq hvwlph txh
oh qrpeuh gh prghv frpsrvdqwv hvw vx!vdqw oruvtxh ohv huuhxuv uhodwlyhv hq iuìtxhqfh
vrqw gh o*ruguh gh *ff gdqv fhwwh edqgh iuìtxhqwlhooh1
Fhwwh surfìgxuh jìqëuh xq frþw gh fdofxo vxssoìphqwdluh txl uhvwh fhshqgdqw lqiì0
ulhxu ã fhoxl hqjhqguì sdu xq fdofxo gh yìulfdwlrq gh od ydolglwì uìdolvì ã o*dlgh gx
prgëoh joredo1 Gh soxv/ rq shxw uhvwuhlqguh fhwwh surfìgxuh dx{ vrxv0vwuxfwxuhv ohv
soxv lpsruwdqwhv1
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Pìwkrgh sursrvìh
Rq hpsorlh od whfkqltxh sursrvìh gdqv oh fkdslwuh 8 gdqv vd frqjxudwlrq lqlwldoh
+uhodwlrq +818,, = ohv edvhv gh frqghqvdwlrq vrqw gìqlhv ã o*dlgh ghv prghv ã lqwhuidfh
oleuh hw ghv yhfwhxuv gh  h{lelolwì uìvlgxhooh dx gurlw ghv ghjuìv gh olehuwì gh mrqfwlrq1
Ohv yhfwhxuv gh edvh xwlolvìv vrqw lghqwltxhv dx{ yhfwhxuv hpsor|ìv gdqv od pìwkrgh gh
Pduwlqh}1 Oh fulwëuh gh fkrl{ gx qrpeuh gh prghv frpsrvdqwv ã lqwhuidfh oleuh uhvwh
oh píph1
 Dvvhpeodjh vlpxowdqì
Rq uìdolvh xq dvvhpeodjh vlpxowdqì ghv vrxv0vwuxfwxuhv1
Oh prgëoh uìgxlw rewhqx hvw h{sulpì xqltxhphqw vxu ohv frrugrqqìhv jìqìudolvìhv
dvvrflìhv dx{ prghv ã lqwhuidfh oleuh gh vrxv0vwuxfwxuh/ vrlw Df2 frrugrqqìhv1
 Dvvhpeodjh glìuì
Dq gh ydolghu od surfìgxuh g*dvvhpeodjh ã soxvlhxuv qlyhdx{/ rq gìqlw 6 vxshu0
ìoìphqwv 4/ 5 hw 6 uhjurxsdqw uhvshfwlyhphqw :/ 44 hw < vrxv0vwuxfwxuhv +Iljxuhv 916/ 917/
918 hw 919,1 Ohv vrxv0vwuxfwxuhv frqghqvìhv vrqw dvvhpeoìhv hw iruphqw fhv 6 hqwlwìv1 Ohv
hruwv gh mrqfwlrq shuphwwdqw o*dvvhpeodjh ghv 6 vxshu0ìoìphqwv vrqw frqvhuyìv gdqv
fkdtxh hqvhpeoh gh frrugrqqìhv uìgxlwhv1 Rq surfëgh hqvxlwh ã o*dvvhpeodjh ghv 6
vxshu0ìoìphqwv1
Oh prgëoh uìgxlw rewhqx hvw gh wdlooh lghqwltxh dx suìfìghqw/ vrlw Df2 frrugrqqìhv1
Iljxuh 916 = Vxshu0ìoìphqw 4 +Sodqfkhu gh fkdujh,
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Iljxuh 917 = Vxshu0ìoìphqw 5 +Sodqfkhu gh fkdujh,
Iljxuh 918 = Vxshu0ìoìphqw 6 +Sodqfkhu gh fkdujh,
Iljxuh 919 = Prgëoh ìoìphqwv qlv gx sodqfkhu irupì gh 6 vxshu0ìoìphqwv
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91416 Uìvxowdwv
D wlwuh lqglfdwli/ rq suìvhqwh gdqv ohv Wdeohdx{ 914 hw 915 od frpsrvlwlrq ghv edvhv gh
frqghqvdwlrq hw txhotxhv fdudfwìulvwltxhv ghv glìuhqwv prgëohv uìgxlwv1
Pìwkrghv gh uìgxfwlrq Pduwlqh} Fudlj0Edpswrq sursrvìh
Prghv gh  h{lelolwì uìvlgxhooh 2De 0 2De
Prghv frqwudlqwv 0 2De 0
Prghv gh frusv uljlgh S2 0 S2
Prghv ã lqwhuidfh oleuh ef 0 ef
Prghv ã lqwhuidfh eortxìh 0 eHb 0
Wdlooh gx prgëoh uìgxlw .DS .e Df2
Wdeohdx 914 = Frpsrvlwlrq ghv edvhv gh frqghqvdwlrq +Sodqfkhu gh fkdujh,
Pìwkrghv gh uìgxfwlrq Pduwlqh} Fudlj0Edpswrq sursrvìh
Wdlooh ghv pdwulfhv uìgxlwhv
+qrpeuh gh frrugrqqìhv, .DS .e Df2
Wdlooh ghv pdwulfhv uìgxlwhv
+rffxsdwlrq pìprluh hq Pìjdrfwhwv, D D 2
Whpsv uìho gh od uìvroxwlrq
dx{ ydohxuv sursuhv +vhf1, 2Df 2f bf
Wdeohdx 915 = Fdudfwìulvwltxhv ghv prgëohv uìgxlwv +Sodqfkhu gh fkdujh,
Rq suìvhqwh ohv uìvxowdwv gh suìglfwlrq rewhqxv ã o*dlgh ghv 7 pìwkrghv hq whuph
g*huuhxuv uhodwlyhv vxu ohv iuìtxhqfhv sursuhv +Iljxuh 91:, hw yhfwhxuv sursuhv uhfrqvwl0
wxìv +Iljxuh 91;, ylv0ã0ylv gx prgëoh gh uìiìuhqfh1
Rq udsshooh gdqv ohv uhodwlrqv +914, hw +915, ohv fulwëuhv g*huuhxu uhodwlyh vxu ohv
iuìtxhqfhv sursuhv 0s hw vxu ohv yhfwhxuv sursuhv 0+ =
0s '
ms  se%@S|m
se%@S|
+914,
0+ '
n+  +e%@S|n
n+e%@S|n +915,
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Iljxuh 91: = Huuhxu uhodwlyh vxu ohv iuìtxhqfhv sursuhv suìglwhv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Sodqfkhu gh fkdujh,
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Iljxuh 91; = Huuhxu uhodwlyh vxu ohv yhfwhxuv sursuhv suìglwv sdu ohv prgëohv uìgxlwv
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Sodqfkhu gh fkdujh,
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Ohv 6 pìwkrghv whvwìhv grqqhqw ghv uìvxowdwv wuëv dffhswdeohv gdqv od edqgh g*dqd0
o|vh {ìh +5: suhplhuv prghv gìirupdeohv,1 O*huuhxu uhodwlyh frpplvh vxu od suìglfwlrq
ghv iuìtxhqfhv sursuhv hvw lqiìulhxuh ã 424333 srxu o*hqvhpeoh ghv pìwkrghv1 O*hu0
uhxu uhodwlyh frpplvh vxu ohv yhfwhxuv sursuhv hvw lqiìulhxuh ã 4( srxu ohv whfkqltxhv
sursrvìh hw Pduwlqh}/ lqiìulhxuh ã 8( dyhf oh prgëoh uìgxlw gh Fudlj0Edpswrq1
Elhq txh ohv prgëohv uìgxlwv gh Fudlj0Edpswrq hw gh Pduwlqh} vrlhqw gh wdlooh frp0
sdudeoh/ o*xvdjh gh prghv ã lqwhuidfh oleuh grqqh ghv uìvxowdwv soxv suìflv hw olqìdluhv/
fhfl srxu xq qrpeuh lqiìulhxu gh prghv frpsrvdqwv gìirupdeohv fdofxoìv1
Od pìwkrgh sursrvìh grqqh ghv uìvxowdwv gh suìglfwlrq dqdorjxhv ã fhx{ rewhqxv
sdu od pìwkrgh gh Pduwlqh}/ oh prgëoh uìgxlw ìwdqw h{hpsw ghv ghjuìv gh olehuwì gh
mrqfwlrq1 Ohv edvhv lqlwldohv gh frqghqvdwlrq vrqw lghqwltxhv1 O*ìolplqdwlrq ghv ghjuìv
gh olehuwì gh mrqfwlrq shqgdqw o*dvvhpeodjh ghv vrxv0vwuxfwxuhv frqghqvìhv qh gìjudgh
sdv oh uìvxowdw gh suìglfwlrq1 Od suìvhqfh gh fhv ghjuìv gh olehuwì gh mrqfwlrq gdqv oh
prgëoh uìgxlw qdo qh frqwulexh sdv ã od suìflvlrq gx prgëoh uìgxlw1
Ohv uìvxowdwv rewhqxv sdu od pìwkrgh sursrvìh dyhf xq dvvhpeodjh glìuì ghv vrxv0
vwuxfwxuhv vrqw lghqwltxhv ylv0ã0ylv gh fhx{ rewhqxv dyhf xq dvvhpeodjh vlpxowdqì1
Fhwwh surfìgxuh g*dvvhpeodjh sdu vxshu0ìoìphqwv hvw grqf ydolgìh1
915 Fdlvvh qxh gh yìklfxoh
91514 Fdudfwìulvwltxhv gx prgëoh
Od vwuxfwxuh ìwxglìh hvw xqh fdlvvh qxh gh yìklfxoh gh fdwìjrulh pr|hqqh qrq ìtxlsìh
+Iljxuh 91<,1 Hooh hvw frqvwlwxìh g*xq dvvhpeodjh lqlwldo gh f slëfhv +ìoìphqwv gh w÷oh
plqfh, sk|vltxhv gh glyhuvhv wdloohv frqqhfwìhv sdu soxv gh Dff srlqwv gh vrxgxuh1
Od vwuxfwxuh hvw uhsuìvhqwdwlyh ghv dvvhpeodjhv pìfdqr0vrxgìhv gh judqgh wdlooh hw
ã iruw ghjuì gh frqqhfwlylwì1
Oh prgëoh ìoìphqwv qlv frpsohw dvvrflì frpsruwh eDf fff ghjuìv gh olehuwì +Iljxuh
9143,1 Oh pdloodjh hvw frqvlgìuì frpph q = od glphqvlrq pr|hqqh gh o*duëwh g*xqh
pdlooh hvw gh o*ruguh gh 2f pp1
Ohv ìoìphqwv gx pdloodjh vrqw gh w|sh frtxh plqfh wuldqjxodluh rx txdgudqjxodluh1
Ohv srlqwv gh vrxgxuh vrqw uhsuìvhqwìv vrlw sdu ghv qrhxgv frppxqv hqwuh slëfhv vrlw
sdu ghv oldlvrqv gh w|sh ìoìphqw elhoohwwh uljlgh1
O*ìsdlvvhxu ghv w÷ohv hvw frpsulvh hqwuh S*f hw 2 pp1 Od udlghxu ìoìphqwdluh hvw
dolphqwìh sdu ohv hhwv gh phpeudqh/  h{lrq hw flvdloohphqw1
Dsuëv uhjurxshphqw ghv slëfhv gh shwlwh wdlooh +grqw oh prgëoh frpsruwh prlqv gh
44<
Chapitre 6. Applications à des modèles industriels de type automobile
Figure 6.9 : Structure caisse nue
Figure 6.10 : Modèle éléments nis de la caisse nue (450 000 degrés de liberté)
150 éléments nis) sur des pièces adjacentes, on dénombre 94 sous-structures (Figure
6.11).
Le modèle éléments nis présente plus de 21 500 degrés de liberté de jonction. On
illustre le couplage des sous-structures Figure 6.12, où lon visualise les termes non
nuls de la matrice de couplage exprimée en noeuds de jonction. La taille mémoire
correspondant aux termes non nuls de cette matrice de couplage exprimée en degrés
de liberté de jonction est de lordre de 195 Mégaoctets (hors index de localisation).
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6.2. Caisse nue de véhicule
Figure 6.11 : Modèle éléments nis sous-structuré de la caisse
Figure 6.12 : Densité de la connectivité des sous-structures du modèle caisse
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Od edqgh g*dqdo|vh hvw {ìh d sulrul +df Ixo, hw frpsuhqg f prghv gìirupdeohv1
Ohv frqglwlrqv dx{ olplwhv gh od vwuxfwxuh vrqw gh w|sh oleuh1
Od vwuxfwxuh suìvhqwh vhxohphqw 2 prghv gh gìirupdwlrq g*hqvhpeoh gdqv od edqgh
g*dqdo|vh/ vrlw xq prgh gh wruvlrq +Iljxuh 9146, vxlyl g*xq prgh gh  h{lrq +Iljxuh
9147,1
y
z
x
Iljxuh 9146 = Prgh gh wruvlrq gh od fdlvvh
y
z
x
Iljxuh 9147 = Prgh gh  h{lrq gh od fdlvvh
91515 Pìwkrgh hpsor|ìh
Rq dssoltxh od pìwkrgh gh v|qwkëvh prgdoh sursrvìh gdqv vd irupxodwlrq prghv frp0
srvdqwv ã lqwhuidfh oleuh hw  h{lelolwì uìvlgxhooh dx gurlw ghv ghjuìv gh olehuwì gh mrqfwlrq1
Ohv prghv frpsrvdqwv ghv edvhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv vrqw fkrlvlv
ã o*dlgh gx fulwëuh iuìtxhqwlho gìql suìfìghpphqw/ vrlw ohv prghv grqw ohv iuìtxhqfhv
vrqw lqiìulhxuhv ã Ix +Iuìtxhqfh xwloh,1
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Oh wrwdo ghv prghv frpsrvdqwv vdwlvidlvdqw fh fulwëuh hvw gh 2fff1 Lov uhsuìvhqwhqw
fI gh o*hqvhpeoh ghv yhfwhxuv ghv edvhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv1 Rq
uhfhqvh DSe prghv gh frusv uljlgh sdupl ohv 2fff prghv frpsrvdqwv1
Oh prgëoh uìgxlw qdo frpsuhqg 2fff frrugrqqìhv jìqìudolvìhv hw od wdlooh pìprluh
ghv pdwulfhv uìgxlwhv hvw gh 2 Pìjdrfwhwv1
Rq hpsorlh xqh surfìgxuh g*dvvhpeodjh glìuìh = ohv vrxv0vwuxfwxuhv frqghqvìhv
vrqw dvvhpeoìhv hq suhplhu olhx hq S vxshu0ìoìphqwv +Iljxuh 9148,1 Rq surfëgh hqvxlwh
ã o*dvvhpeodjh ghv vxshu0ìoìphqwv hw rq rewlhqw oh prgëoh uìgxlw qdo1
y
x
z
Iljxuh 9148 = Prgëoh ìoìphqwv qlv gh od fdlvvh irupì gh 9 vxshu0ìoìphqwv
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Ohv vroxwlrqv sursuhv vrqw fdofxoìhv ã sduwlu gx prgëoh uìgxlw ã 2fff ghjuìv gh olehuwì
gdqv od edqgh df2 Ixo txl frqwlhqw Hf prghv gìirupdeohv1 Ohv yhfwhxuv sursuhv vrqw
uhfrqvwlwxìv vxu o*hqvhpeoh ghv ghjuìv gh olehuwì ã o*dlgh ghv edvhv gh uìgxfwlrq1
Rq frpsduh ohv vroxwlrqv sursuhv suìglwhv sdu oh prgëoh uìgxlw ylv0ã0ylv ghv vroxwlrqv
sursuhv rewhqxhv ã sduwlu g*xq fdofxo gh uìiìuhqfh hhfwxì vxu oh prgëoh frpsohw1
Rq suìvhqwh Iljxuhv 9149 hw 914: ohv huuhxuv uhodwlyhv 0s vxu ohv iuìtxhqfhv sursuhv
hw 0+ vxu ohv yhfwhxuv sursuhv uhfrqvwlwxìv +fulwëuhv gìqlv gdqv ohv uhodwlrqv +914, hw
+915,,1
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Frpswh0whqx gh od iruwh ghqvlwì prgdoh gdqv od edqgh g*dqdo|vh/ rq revhuyh ghv
frxsodjhv hq iruph hqwuh ohv yhfwhxuv sursuhv1 Rq lqwurgxlw xq fulwëuh dgglwlrqqho 0R
gìql sdu o*h{suhvvlrq +917, edvì vxu o*huuhxu gh surmhfwlrq g*xq prgh gh uìiìuhqfh vxu
xqh vrxv0edvh t frqvwlwxìh gx prgh gh píph udqj hw ghv prghv dgmdfhqwv suìglwv
sdu oh prgëoh uìgxlw1
O*huuhxu gh surmhfwlrq eRED gx prgh gh udqj D hvw h{sulpìh sdu od uhodwlrq =
eRED ' +e%@S|ED  t

t A t

3
t A +e%@S|ED +916,
rü t '
k
+ED32 +ED3 +ED +EDn +EDn2
l
1
Oh fulwëuh g*huuhxu 0R/ txh o*rq qrpph huuhxu uhodwlyh vxu ohv vrxv0edvhv prgdohv/
hvw gìql sdu o*h{suhvvlrq =
0R '
neRn
n+e%@S|n +917,
Rq ylvxdolvh fhwwh huuhxu uhodwlyh Iljxuh 914;1
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Erreur relative sur les frequences propres 
Iljxuh 9149 = Huuhxu uhodwlyh vxu ohv iuìtxhqfhv sursuhv suìglwhv sdu oh prgëoh uìgxlw
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Fdlvvh qxh,
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Erreur relative sur les vecteurs propres 
Iljxuh 914: = Huuhxu uhodwlyh vxu ohv yhfwhxuv sursuhv suìglwv sdu oh prgëoh uìgxlw
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Fdlvvh qxh,
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Erreur relative sur les sous−bases modales 
Iljxuh 914; = Huuhxu uhodwlyh vxu ohv vrxv0edvhv prgdohv fdofxoìhv dyhf oh prgëoh uìgxlw
ylv0ã0ylv gx prgëoh gh uìiìuhqfh +Fdlvvh qxh,
O*h{dphq ghv huuhxuv uhodwlyhv prqwuh txh oh prgëoh uìgxlw suìvhuyh oh frpsruwh0
phqw g|qdpltxh gdqv od edqgh df 2 Ixo1 Od suìflvlrq hq iuìtxhqfh hvw gh o*ruguh gh
*fff1 O*huuhxu frpplvh vxu ohv yhfwhxuv sursuhv hvw dx soxv gh o*ruguh gh fI srxu ohv
yhfwhxuv sursuhv qrq dhfwìv gh frxsodjh hq iruph1 Od sulvh hq frpswh gh fh frxsodjh
qrxv frqgxlw ã xqh huuhxu lqiìulhxuh ã fI vxu ohv vrxv0edvhv prgdohv1
Oh fulwëuh iuìtxhqwlho gh fkrl{ gx qrpeuh gh prghv frpsrvdqwv + od edqgh xwloh,
v*dyëuh fruuhfw vxu fhwwh dssolfdwlrq hw suìvhqwh xqh pdujh gh vìfxulwì udlvrqqdeoh1 Lo
hvw grqf dssolfdeoh dx{ vwuxfwxuhv frpsoh{hv iruwhphqw uljlglìhv1
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Xq prgëoh ìoìphqwv qlv gh eDf fff ghjuìv gh olehuwì shxw íwuh uìgxlw ã xq prgëoh gh
wdlooh dffhswdeoh +txhotxhv ploolhuv gh ghjuìv gh olehuwì,/ grqw oh grpdlqh xwloh hvw {ì
d sulrul/ hq xqh vhxoh surfìgxuh gh v|qwkëvh prgdoh1
Lo hvw qìfhvvdluh g*xwlolvhu srxu ghv prgëohv gh fhwwh wdlooh hw suìvhqwdqw gh vxufurñw
xqh iruwh frqqhfwlylwì xqh whfkqltxh gh v|qwkëvh prgdoh vxssulpdqw ohv ghjuìv gh
olehuwì gh mrqfwlrq +rx gx prlqv ohv ghjuìv gh olehuwì gh mrqfwlrq qrq gìvluìv gdqv ohv
frrugrqqìhv gx prgëoh uìgxlw,/ gdqv o*remhfwli gh glvsrvhu g*xq prgëoh uìgxlw qdo
h!fdfh gdqv xqh surfìgxuh g*dqdo|vh g|qdpltxh uìsìwlwlyh1
Od pìwkrgh sursrvìh gdqv vhv glìuhqwhv irupxodwlrqv g*dvvhpeodjh hvw ydolgìh1
Hooh shuphw o*rewhqwlrq gh prgëohv uìgxlwv h{hpsw ghv ghjuìv gh olehuwì gh mrqfwlrq/
grqf gh soxv shwlwhv wdloohv ylv0ã0ylv gh o*hpsorl gh pìwkrghv fodvvltxhv w|sh Pduwlqh}
rx Fudlj0Edpswrq/ fhfl srxu xqh suìflvlrq ìtxlydohqwh1
Oruvtxh o*dqdo|vh gx frpsruwhphqw g|qdpltxh gh od vwuxfwxuh frpsoëwh hvw hi0
ihfwxìh gdqv xqh edqgh iuìtxhqwlhooh xwloh df Ixo/ oh fulwëuh gh fdofxo ghv prghv
frpsrvdqwv ã lqwhuidfh oleuh gdqv xqh edqgh df  Ixo hvw wrxw ã idlw vdwlvidlvdqw1
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Ohv whfkqltxhv gh uìgxfwlrq gh prgëohv ìoìphqwv qlv frqfhuqhqw ohv prgëohv gh judqgh
wdlooh1 Fhwwh ìwxgh d qìfhvvlwì od plvh hq sodfh g*rxwlov orjlflhov hw pdwìulhov shuphwwdqw
g*dssuìkhqghu fh w|sh gh sureoëph/ dlqvl txh od pdñwulvh gh pdfur0odqjdjhv gh sur0
judppdwlrq1 Fhwwh ìwxgh d grqf ìwì uìdolvìh dyhf xq vrxfl frqvwdqw gh sulvh hq frpswh
ghv frqwudlqwhv olìhv ã od prgìolvdwlrq ghv vwuxfwxuhv gh w|sh lqgxvwulho1 Ohv h{hpsohv
suìvhqwìv/ irxuqlv sdu oh J1L1H SVD Shxjhrw0Flwurîq/ rqw ìwì wudlwìv ã o*dlgh g*xq rxwlo
orjlflho/ lqwhuidfì dyhf oh frgh gh fdofxo Qdvwudq/ uìdolvì gxudqw fhwwh ìwxgh hw olyuì ã
o*hqwuhsulvh1
Qrxv dyrqv whvwì vxu xq fdv lqgxvwulho +prgëoh gh sruwh gh yìklfxoh ã 63 333 ghjuìv
gh olehuwì, od urexvwhvvh g*xq prgëoh uìgxlw frpsruwdqw 56 sdudpëwuhv1 O*dgmrqfwlrq
gdqv od edvh gh uìgxfwlrq/ gh yhfwhxuv gh uìsrqvhv vwdwltxhv uìvlgxhoohv ã ghv fkdujh0
phqwv vxffhvvliv uhsuìvhqwdwliv ghv shuwxuedwlrqv sdudpìwultxhv/ frqvwlwxh xq h{fhoohqw
vrxv0hvsdfh vx!vdpphqw odujh srxu uhsuìvhqwhu ohv vroxwlrqv dssurfkìhv gx v|vwëph
vrxplv ã glyhuvhv frpelqdlvrqv sdudpìwultxhv1 O*xwlolvdwlrq gh whov prgëohv uìgxlwv
sdudpìwuìv hw urexvwhv oruv gh uìdqdo|vhv dssurfkìhv dssruwh xqh ìfrqrplh gh fdofxo
frqvlgìudeoh ylv0ã0ylv gh uìdqdo|vhv h{dfwhv > fhfl v*dyëuh g*dxwdqw soxv h!fdfh txh od
wdlooh gx prgëoh hvw judqgh1 O*lqwìuíw gh fhwwh whfkqltxh gh uìdqdo|vh frxsoìh dyhf ghv
surfìgxuhv lwìudwlyhv gh uhfdodjh gh prgëoh rx g*rswlplvdwlrq gh frpsruwhphqw sdu
vhqvlelolwì/ sdu dgdswdwlrq/ vìtxhqwlhoohv rx jìqìwltxhv q*hvw soxv ã gìprqwuhu1 Gh soxv/
fhwwh vwudwìjlh grñw íwuh dssolfdeoh gdqv oh fdguh gh surfìgxuhv gh v|qwkëvh prgdoh1
Ohv prgëohv uìgxlwv shxyhqw íwuh h{sulpìv lqwìjudohphqw hq frrugrqqìhv sk|vltxhv
sdu xqh wudqvirupdwlrq ghv frrugrqqìhv jìqìudolvìhv vdqv dxfxqh shuwh g*lqirupdwlrq1
Fhfl vlpsolh hw shxw sduirlv vxssulphu wrwdohphqw o*ìwdsh gh uhfrqvwlwxwlrq ghv vrox0
wlrqv vxu fhuwdlqv srlqwv gx pdloodjh/ ohvtxhov shxyhqw íwuh lpsrvìv d sulrul1 Od sulvh
hq frpswh ghv fkdujhphqwv h{whuqhv sdu ghv uìsrqvhv vwdwltxhv gdqv ohv edvhv gh uì0
gxfwlrq hvw frpsdwleoh dyhf o*hqvhpeoh ghv pìwkrghv gh uìgxfwlrq1 Dlqvl/ rq jdudqwlw
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xqh h{fhoohqwh suìglfwlrq ghv uìsrqvhv irufìhv dlqvl tx*xq frxsodjh srvvleoh gx prgëoh
uìgxlw dyhf g*dxwuhv prgëohv hw pdloodjhv1
Od pìwkrgh gh v|qwkëvh prgdoh sursrvìh d ìwì frpsduìh dx{ pìwkrghv fodvvltxhv
+Fudlj0Edpswrq hw Pduwlqh}, vxu xq prgëoh gh sodqfkhu gh fkdujh ã 78 333 ghjuìv
gh olehuwì1 Ohv uìvxowdwv rewhqxv prqwuhqw o*lqwìuíw gh od whfkqltxh suìvhqwìh hq whuph
gh wdlooh gx prgëoh uìgxlw hw fh srxu xqh suìflvlrq dx prlqv ìtxlydohqwh1 Od vwudwìjlh
g*dvvhpeodjh glìuìh d ìwì ydolgìh1 Hooh uìsrqg dx{ lpsìudwliv gh prgxodulwì gh o*dv0
vhpeodjh h{ljìv g*xqh whfkqltxh gh v|qwkëvh prgdoh1 Dssoltxìh dx prgëoh gh fdlvvh
qxh frpsruwdqw <7 vrxv0vwuxfwxuhv/ 783 333 ghjuìv gh olehuwì grqw 54 833 ghjuìv gh
olehuwì gh mrqfwlrq/ fhwwh vwudwìjlh d shuplv o*rewhqwlrq g*xq prgëoh uìgxlw ã 5333 fr0
rugrqqìhv suìvhuydqw od edqgh g*dqdo|vh {ìh d sulrul1 Oh fulwëuh iuìtxhqwlho xwlolvì gh
fkrl{ d sulrul gx qrpeuh gh prghv frpsrvdqwv vhpeoh deoh hw q*d mdpdlv ìwì plv hq
gìidxw oruv gh qrv qrpeuhx{ whvwv1
Od whfkqltxh suìvhqwìh vxssulph ohv ghjuìv gh olehuwì gh mrqfwlrq qrq gìvluìv gdqv
oh prgëoh uìgxlw qdo hw/ gdqv vd irupxodwlrq/ q*lpsoltxh sdv g*dssur{lpdwlrqv vxssoì0
phqwdluhv vxu o*lqirupdwlrq gh frxsodjh ghv vrxv0vwuxfwxuhv1 Dlqvl/ fh surfìgì ruljlqdo
gh v|qwkëvh prgdoh shuphw o*rewhqwlrq g*xq prgëoh uìgxlw suìflv hw uhsuìvhqwdwli gx
frpsruwhphqw edvvh iuìtxhqfh gh vwuxfwxuhv frpsoh{hv h{hpsw gh o*lqirupdwlrq uhgrq0
gdqwh ghv ghjuìv gh olehuwì gh mrqfwlrq1 Lo hvw elhq dgdswì dx{ vwuxfwxuhv suìvhqwdqw
xqh iruwh frqqhfwlylwì1
Glìuhqwhv edvhv gh frqghqvdwlrq ghv vrxv0vwuxfwxuhv vrqw frpsdwleohv dyhf o*dvvhp0
eodjh sdu ìolplqdwlrq ghv hruwv gh mrqfwlrq hw rqw ìwì whvwìhv vxu xq fdv dfdgìpltxh1
Sdupl ohv wudqvirupdwlrqv sursrvìhv/ rq uhwlhqw od edvh frqvwlwxìh gh prghv frqwudlqwv
+ìyhqwxhoohphqw hqulfklv gh prghv oleuhv dq g*dxjphqwhu od edqgh gh ydolglwì, txl
shuphw o*dvvhpeodjh/ sdu ohv hruwv gh mrqfwlrq/ gh vrxv0vwuxfwxuhv frqghqvìhv sdu xqh
whfkqltxh gh Jx|dq1
Od vwudwìjlh gh uìgxfwlrq ã soxvlhxuv qlyhdx{ hq frrugrqqìhv sk|vltxhv +v|qwkëvh
prgdoh vxlyl g*xqh vhfrqgh frqghqvdwlrq, d ìwì ydolgìh gdqv oh fdguh gh suìglfwlrq
gh uìsrqvhv ã ghv fkdujhphqwv g|qdpltxhv lqwhuqhv dx{ vrxv0vwuxfwxuhv1 O*hpsorl gh
uìsrqvhv vwdwltxhv gdqv xq remhfwli gh urexvwhvvh hw dx gurlw ghv vroolflwdwlrqv h{whuqhv
doolì ã o*xvdjh gh wudqvirupdwlrqv hq frrugrqqìhv sk|vltxhv hw gh vwudwìjlhv gh uìgxfwlrq
ã soxvlhxuv qlyhdx{ frqvwlwxhqw xq rxwlo shuirupdqw g*dgdswdwlrq ghv grqqìhv lvvxhv
gx prgëoh dx{ grqqìhv revhuyìhv vxu od vwuxfwxuh oruv gh surfìgxuhv lwìudwlyhv gh
uhfdodjh1 O*huuhxu gxh ã o*dgdswdwlrq gìshqg hvvhqwlhoohphqw gh od fdsdflwì gh od edvh
ã uhsuìvhqwhu ohv gìsodfhphqwv gx v|vwëph prglì oruv gh od uìdqdo|vh dssurfkìh gx
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prgëoh1 Dlqvl/ ã o*lwìudwlrq }ìur rx ã fkdtxh uìdqdo|vh h{dfwh gh od edvh gh uìgxfwlrq/
oh prgëoh uìgxlw dgdswì dx{ srlqwv g*revhuydwlrq gh od vwuxfwxuh uh ëwh gh idêrq txdvl0
sduidlwh o*ìwdw gx prgëoh joredo1 O*huuhxu gxh ã od uìgxfwlrq hvw idleoh hw pdñwulvìh1
Shuvshfwlyhv g*dssolfdwlrq hw gh uhfkhufkh
Gh qrpeuhx{ srlqwv uhvwhqw ã ydolghu rx pìulwhqw ghv lqyhvwljdwlrqv soxv srxvvìhv1
Frqfhuqdqw o*xwlolvdwlrq gh uìsrqvhv vwdwltxhv gdqv xq exw gh urexvwhvvh/ lo frqylhqw
g*ìwxglhu soxv dydqw od vìohfwlrq rx oh owudjh ghv yhfwhxuv ã uhwhqlu1 Rq grlw fkhufkhu
qdwxuhoohphqw xqh edvh gh uìgxfwlrq od soxv xwloh/ grqw od urexvwhvvh hvw od soxv
iruwh ylv0ã0ylv g*xq qrpeuh gh yhfwhxuv vwdwltxhv oh soxv idleoh1 Gh soxv/ fhwwh vwudwìjlh
ghpdqgh ã íwuh whvwìh hq v|qwkëvh prgdoh gdqv ohv glìuhqwhv irupxodwlrqv suìvhqwìhv
gdqv fhwwh ìwxgh1
Qrxv dyrqv wudlwì gh od uìgxfwlrq ghv prgëohv hvvhqwlhoohphqw gdqv oh fdguh g*dqd0
o|vhv yleudwrluhv hq edvvhv iuìtxhqfhv1 Lo shxw íwuh xwloh g*rewhqlu ghv prgëohv uìgxlwv
deohv hq plolhx gh vshfwuh sdu edqgh gh iuìtxhqfhv/ qrwdpphqw srxu ghv dssolfdwlrqv
gh w|sh frqwu÷oh dfwli1 Lo frqylhqgudlw doruv g*dssurfkhu od frqwulexwlrq ghv prghv gh
udqj lqiìulhxu gdqv od edqgh g*dqdo|vh sdu xq rx txhotxhv yhfwhxuv dssursulìv txl
uhvwhqw ã gìqlu1
Txhotxhv irupxodwlrqv suìvhqwìhv/ whoohv txh od uìgxfwlrq hq frrugrqqìhv sk|vltxhv/
od sulvh hq frpswh vwdwltxh ghv fkdujhphqwv ìyhqwxhov hw od whfkqltxh gh v|qwkëvh
prgdoh sursrvìh/ shxyhqw íwuh lpsodqwìhv ã euëyh ìfkìdqfh gdqv xq frgh gh fdofxo
lqgxvwulho rxyhuw1
Rq vrxkdlwh whvwhu od pìwkrgh gh v|qwkëvh prgdoh sursrvìh/ gdqv vd irupxodwlrq hq
frrugrqqìhv sk|vltxhv/ vxu xqh vwuxfwxuh frpsoh{h gh w|sh dìurqdxwltxh rx vsdwldoh
dq gh od frqiurqwhu dx{ vsìflfdwlrqv ghpdqgìhv gdqv fhv vhfwhxuv1
D soxv orqj whuph/ rq hqwuhyrlw fh txl vhud od prgìolvdwlrq ixwxuh ghv vwuxfwxuhv
frpsoh{hv = xq dvvhpeodjh gh prgëohv qv uìgxlwv sdudpìwuìv/ ìyhqwxhoohphqw h{wudlwv
g*xqh eleolrwkëtxh/ v|vwìpdwltxhphqw uìdmxvwìv ylv0ã0ylv gh uìvxowdwv g*h{sìulhqfh/ oh
prgëoh qdo ìwdqw txdolì sdu xq hvvdl joredo1
Od uìgxfwlrq ghv prgëohv ìoìphqwv qlv g|qdpltxhv uhvwh xq rxwlo xwloh/ lqglvshq0
vdeoh ã o*lqjìqlhxu pìfdqlflhq hw dgdswì ã o*ìyroxwlrq ghv vwudwìjlhv gh prgìolvdwlrq1
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pìwkrgh ìyroxwlrqqdluh/ Wkëvh gh Grfwrudw hq Vflhqfhv Srxu o*Lqjìqlhxu/ Xqlyhu0
vlwì gh Iudqfkh0Frpwì/ 4<<;1
^44` ERXD]]RXQL D1/ Frqwulexwlrq ã o*lghqwlfdwlrq gh vwuxfwxuhv olqìdluhv glvvlsd0
wlyhv gdqv oh grpdlqh iuìtxhqwlho/ Wkëvh gh Grfwrudw hq Vflhqfhv Srxu o*Lqjìqlhxu/
Xqlyhuvlwì gh Iudqfkh0Frpwì/ 4<<81
^45` ERXKDGGL Q1/ ILOORG U1/ Vxevwuxfwxulqj xvlqj d olqhdul}hg g|qdplf frqghq0
vdwlrq phwkrg/ Frpsxwhuv ) Vwuxfwxuhv/ 4<<5/ Yro178/ ss19:<09;61
^46` ERXKDGGL Q1/ ILOORG U1/ Prgho uhgxfwlrq e| d vlpsolhg yduldqw ri g|qdplf
frqghqvdwlrq/ Mrxuqdo ri Vrxqg dqg Yleudwlrq/ 4<<9/ Yro14<4/ Qr15/ ss156605831
^47` ERXKDGGL Q1/ ILOORG U1/ Frqghqvdwlrq g|qdpltxh gh Jx|dq = grpdlqh gh
ydolglwì/ Pìfdqltxh Lqgxvwulhooh hw Pdwìuldx{/ Uhyxh gx J1D1P1L1/ 4<<5/ Yro177/
Qr17/ ss1<0431
^48` ERXKDGGL Q1/ ILOORG U1/ D phwkrg iru vhohfwlqj pdvwhu gri lq g|qdplf
vxevwuxfwxulqj xvlqj wkh Jx|dq frqghqvdwlrq phwkrg/ Frpsxwhuv ) Vwuxfwxuhv/
4<<5/ Yro178/ ss1<740<791
^49` ERXKDGGL Q1/ ILOORG U1/ ORPEDUG MS1/ RVPDQL Q1/ Vwudwìjlhv gh
frqghqvdwlrq hw vrxv0vwuxfwxudwlrq dq gh uìgxluh od wdlooh gh P1H1I1 yìklfxoh/
Udssruw qdo gh frqwudw SVD Shxjhrw0Flwurîq/ Mxlq 4<<;1
^4:` ERXKDGGL Q1/ ILOORG U1/ ORPEDUG MS1/ RVPDQL Q1/ YLYRW R1/
Frqghqvdwlrq gx P1H1I1 g*xqh fdlvvh frpsoëwh gh yìklfxoh dxwrpreloh/ Uds0
sruw qdo gh frqwudw SVD Shxjhrw0Flwurîq/ Pduv 4<<;1
^4;` ERXKDGGL Q1/ KXDQJ VM1/ ORPEDUG MS1/ Urexvwhvvh ghv prgëohv
frqghqvìv ylv0ã0ylv ghv shuwxuedwlrqv sdudpìwultxhv/ Pìfdqltxh Lqgxvwulhooh hw
Pdwìuldx{/ Uhyxh gx J1D1P1L1/ Gìfhpeuh 4<<;/ Yro184/ Qr17/ ss14;;04<31
^4<` ERXKDGGL Q1/ ORPEDUG MS1/ Lpsuryhg iuhh lqwhuidfh vxevwuxfwxuhv uhsuhvhq0
wdwlrq phwkrg/ Frpsxwhuv ) Vwuxfwxuhv/ ã sdudñwuh1
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^53` EUDKPL N1/ Grxeoh frqghqvdwlrq hq vrxv0vwuxfwxudwlrq g|qdpltxh/ Wkëvh gh
Grfwrudw hq Vflhqfhv Srxu o*Lqjìqlhxu/ Xqlyhuvlwì gh Iudqfkh0Frpwì/ 4<<91
^54` EUDKPL N1/ ERXKDGGL Q1/ ILOORG U1/ Uhgxfwlrq ri mxqfwlrq ghjuhhv ri
iuhhgrp lq fhuwdlq phwkrgv ri g|qdplf vxevwuxfwxuh v|qwkhvlv/ 46| Lqwhuqdwlrqdo
Prgdo Dqdo|vlv Frqihuhqfh/ 4<<8/ Yro15/ ss14:9604:9<1
^55` FORXJK U1Z1/ SHQ]LHQ M1/ G|qdplfv ri vwuxfwxuhv/ Pf Judz0Kloo Lqwhuqd0
wlrqdo Hg1/ 4<<61
^56` FRJDQ V1/ Uìdqdo|vh ghv vwuxfwxuhv ã sduwlu gh grqqìhv h{sìulphqwdohv = uljl0
glfdwlrq hw vxevwlwxwlrq/ Wkëvh gh Grfwrudw hq Vflhqfhv Srxu o*Lqjìqlhxu/ Xql0
yhuvlwì gh Iudqfkh0Frpwì/ 4<<31
^57` FUDLJ U1U1/ EDPSWRQ P1F1F1/ Frxsolqj ri vxevwuxfwxuhv iru g|qdplfv dqd0
o|vhv/ Dphulfdq Lqvwlwxwh ri Dhurqdxwlfv dqg Dvwurqdxwlfv Mrxuqdo/ 4<9;/ Yro19/
Qr1:/ ss146460464<1
^58` FUDLJU1U1/ FKDQJF1M1/ Rq wkh xvh ri dwwdfkphqw prghv lq vxevwuxfwxuh frx0
solqj iru g|qdplf dqdo|vlv/ DLDD2DVPH 4;| Vwuxfwxuhv/ Vwuxfwxudo G|qdplfv
) Pdwhuldov Frqihuhqfh/ 4<::/ Yro1E/ ss1;<0<<1
^59` HULFVVRQ W1/ UXKH D1/ Wkh vshfwudo wudqvirupdwlrq Odqf}rv phwkrg iru wkh
qxphulfdo vroxwlrq ri odujh vsduvh jhqhudol}hg v|pphwulf hljhqydoxh sureohpv/
Pdwkhphwlfv ri Frpsxwdwlrq/ 4<;3/ Yro168/ ss145840459;1
^5:` ILOORG U1/ Frqwulexwlrq ã o*lghqwlfdwlrq ghv vwuxfwxuhv pìfdqltxhv olqìdluhv/
Wkëvh g*Hwdw/ Xqlyhuvlwì gh Iudqfkh0Frpwì/ 4<;31
^5;` ILOORG U1/ ERXKDGGL Q1/ VWDZLFNL F1/ ORPEDUG MS1/ RVPDQL Q1/ YL0
YRW R1/ V|qwkëvh prgdoh gh vwuxfwxuhv vsdwldohv ã kdxw ghjuì gh frqqhfwlylwì/
8ëph Frqiìuhqfh Iudqêdlvh ghv Xwlolvdwhxuv ghv Orjlflhov PVF/ 4<<;/ 4; s1
^5<` IROWHWH H1/ Lghqwlfdwlrq prgdoh gh vwuxfwxuhv olqìdluhv hw idleohphqw qrq0
olqìdluhv/ Wkëvh gh Grfwrudw hq Vflhqfhv Srxu o*Lqjìqlhxu/ Xqlyhuvlwì gh Iudqfkh0
Frpwì/ 4<<;1
^63` JHUDGLQ P1/ UL[HQ G1/ Wkìrulh ghv yleudwlrqv/ dssolfdwlrq ã od g|qdpltxh
ghv vwuxfwxuhv/ Hg1 Pdvvrq/ Sdulv/ 4<<9/ 5ëph Hg1
^64` JODGZHOO J1P1O1/ Eudqfk prgh dqdo|vlv ri yleudwlqj v|vwhpv/ Mrxuqdo ri
Vrxqg dqg Yleudwlrqv/ 4<97/ Yro14/ ss17408<1
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^65` JROGPDQ U1O1/ Yleudwlrq dqdo|vlv e| g|qdplf sduwlwlrqlqj/ Dphulfdq Lqvwl0
wxwh ri Dhurqdxwlfv dqg Dvwurqdxwlfv Mrxuqdo/ 4<9</ Yro1:/ Qr19/ ss14485044871
^66` JROXE J1K1/ XQGHUZRRG U1/ Wkh eorfn Odqf}rv phwkrg iru frpsxwlqj hl0
jhqydoxhv/ lq Pdwkhpdwlf Vriwzduh LLL +M1U1 Ulfh hg1,/ Dfdghplf Suhvv/ Qhz
\run/ 4<::/ ss16946::1
^67` JROXE J1K1/ YDQ ORDQ F1I1/ Pdwul{ frpsxwdwlrqv/ Qruwk R{irug Dfdghplf
Sxeolvkhuv Owg/ Orqgrq/ 4<;91
^68` JULKRQ V1/ PDKHP1/ VHLJQHXUHW I1/ Xqh pìwkrgh gh uìgxfwlrq gh prgëoh
srxu od uìdqdo|vh prgdoh hw dìurìodvwltxh gh vwuxfwxuh g*dylrq/ 7ëph Froortxh
Qdwlrqdo hq Fdofxo ghv Vwuxfwxuhv/ FVPD0DIP/ Jlhqv/ 4<<</ ss14:604:;1
^69` JX\DQ U1M1/ Uhgxfwlrq ri vwlqhvv dqg pdvv pdwulfhv/ Dphulfdq Lqvwlwxwh ri
Dhurqdxwlfv dqg Dvwurqdxwlfv Mrxuqdo/ 4<98/ Yro16/ ss16;31
^6:` KDQVWHHQ R1H1/ EHOO N1/ Rq wkh dffxudf| ri prgh vxshusrvlwlrq dqdo|vlv
lq vwuxfwxudo g|qdplfv/ Hduwktxdnh Hqjlqhhulqj dqg Vwuxfwxudo G|qdplfv/ 4<:</
Yro1:/ Qr18/ ss173807441
^6;` KHQVKHOO U1G1/ RQJ M1K1/ Dxwrpdwlf pdvwhuv iru hljhqydoxh hfrqrpl}dwlrq/
Hduwktxdnh Hqjlqhhulqj dqg Vwuxfwxudo G|qdplfv/ 4<:8/ Yro16/ ss16:806;61
^6<` KRX V1 Q1/ Uhylhz ri prgdo v|qwkhvlv whfkqltxhv dqg d qhz dssurdfk/ Wkh
Vkrfn dqg Yleudwlrq Exoohwlq/ 4<9</ Qr173/ ss15806<1
^73` KXDQJ V1M1/ ODOOHPHQWJ1/ Xsgdwlqj ri qlwh hohphqw prghov edvhg rq d sd0
udphwulf ghfrxsolqj surfhgxuh/ Phfkdqlfdo V|vwhpv dqg Vljqdo Surfhvvlqj/ 4<<</
Yro146/ Qr161
^74` KXUW\ Z1F/ G|qdplf dqdo|vlv ri vwuxfwxudo v|vwhpv xvlqj frpsrqhqw prghv/
Dphulfdq Lqvwlwxwh ri Dhurqdxwlfv dqg Dvwurqdxwlfv Mrxuqdo/ 4<98/ Yro16/ Qr17/
ss19:;09;81
^75` LPEHUW M1I1/ Dqdo|vh ghv vwuxfwxuhv sdu ìoìphqwv qlv/ Fìsdgxhv Hg1/ Wrx0
orxvh/ 4<<81
^76` LURQV E1P1/ Vwuxfwxudo hljhqydoxh sureohpv = holplqdwlrq ri xqzdqwhg yd0
uldeohv/ Dphulfdq Lqvwlwxwh ri Dhurqdxwlfv dqg Dvwurqdxwlfv Mrxuqdo/ 4<98/ Yro16/
ss1<940<951
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^77` MH]HTXHO O1/ D k|eulg phwkrg ri prgdo v|qwkhvlv xvlqj yleudwlrq whvwv/ Mrxu0
qdo ri Vrxqg dqg Yleudwlrqv/ 4<;8/ Yro1433/ ss14<405431
^78` ODOOHPHQW J1/ V|vwëphv glvfuhwv hw Lghqwlfdwlrq sdudpìwultxh/ Frxuv gh
GHD DRHPV/ Xqlyhuvlwì gh Iudqfkh0Frpwì/ 4<<81
^79` ODOOHPHQW J1/ UDPDQLWUDQMD D1/ FRJDQ V1/ Rswlpdo vhqvru ghsor|0
phqw = dssolfdwlrq wr prgho xsgdwlqj/ Mrxuqdo ri Yleudwlrq dqg Frqwuro/ 4<<;/
Qr17/ ss15<0791
^7:` ODQF]RV F1/ Dq lwhudwlrq phwkrg iru wkh vroxwlrq ri wkh hljhqydoxh sureohp
ri olqhdu glhuhqwldo dqg lqwhjudo rshudwruv/ Mrxuqdo ri Uhvhdufk ri wkh Qdwlrqdo
Exuhdx ri Vwdqgdugv/ 4<83/ Yro178/ ss158805;51
^7;` OHXQJ \1W1/ Dq dffxudwh phwkrg ri g|qdplf vxevwuxfwxulqj zlwk vlpsolhg
frpsxwdwlrq/ Lqwhuqdwlrqdo Mrxuqdo iru Qxphulfdo Phwkrgv lq Hqjlqhhulqj/ 4<:</
Yro147/ ss14574045891
^7<` OHXQJ \1W1/ D vlpsoh g|qdplf vxevwuxfwxuh phwkrg/ Hduwktxdnh Hqjlqhhulqj
dqg Vwuxfwxudo G|qdplfv/ 4<;;/ Yro149/ ss1;5:0;6:1
^83` ORPEDUG MS1/ ERXKDGGL Q1/ ILOORG U1/ D yduldqw ri wkh PdfQhdo frp0
srqhqw prgh v|qwkhvlv phwkrg edvhg rq d frqjuxhqw wudqvirupdwlrq/ 48| Lqwhu0
qdwlrqdo Prgdo Dqdo|vlv Frqihuhqfh/ 4<<:/ Yro14/ ss1<504331
^84` ORPEDUG MS1/ ERXKDGGL Q1/ RVPDQL Q1/ Holplqdwlrq ghv ghjuìv gh olehuwì
gh mrqfwlrq gdqv o*dvvhpeodjh gh vrxv0vwuxfwxuhv frqghqvìhv/ Pìfdqltxh Lqgxvw0
ulhooh hw Pdwìuldx{/ Uhyxh gx J1D1P1L1/ 4<<;/ Yro184/ Q15/ ss1439043<1
^85` ORPEDUG MS1/ YLYRWR1/ ILOORGU1/ ERXKDGGL Q1/ Uìgxfwlrq gh prgëohv
hoìphqwv qlv sdu v|qwkëvh prgdoh gh vrxv0vwuxfwxuhv/ Jxlgh g*xwlolvdwlrq +Yhuvlrq
413,/ Frqwudw SVD Shxjhrw0Flwurîq/ Drþw 4<<;
^86` PDFQHDO U1K1/ D k|eulg phwkrg ri frpsrqhqw prgh v|qwkhvlv/ Frpsxwhuv
dqg Vwuxfwxuhv/ 4<:4/ Yro14/ ss18;409341
^87` PDUWLQH] G1U1/ PLOOHU D1N1/ FDUQH W1J1/ Frpelqhg h{shulphq0
wdo2dqdo|wlfdo prgholqj ri vkhoo2sd|ordg vwuxfwxuhv/ Frpelqhg H{shulphq0
wdo2Dqdo|wlfdo Prgholqj ri G|qdplf Vwuxfwxudo V|vwhpv +G1U1 Pduwlqh} dqg D1N1
Ploohu hglwruv,/ DPG/ DVPH/ 4<;8/ Yro19:/ ss149:04;71
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^88` PRUDQG K1M1S1/ RKD\RQ U1/ Lqwhudfwlrqv  xlghv0vwuxfwxuhv/ Uhfkhufkhv hq
Pdwkìpdwltxhv Dssoltxìhv/ Hg1 Pdvvrq/ Sdulv/ 4<<51
^89` QHZPDUNQ1/ D phwkrg ri frpsxwdwlrq iru vwuxfwxudo g|qdplfv/ DVFH Mrxu0
qdo ri Hqjlqhhulqj Phfkdqlfv Glylvlrq/ 4<8</ Yro1;8/ ss19:0<71
^8:` R*FDOODKDQ M1/ DYLWDELOH S1/ ULHPHU U1/ V|vwhp htxlydohqw uhgxfwlrq
h{sdqvlrq surfhvv +VHUHS,/ :| Lqwhuqdwlrqdo Prgdo Dqdo|vlv Frqihuhqfh/ 4<;</
Yro14/ ss15<0681
^8;` RKD\RQ U1/ VDPSDLR U1/ VRL]H F1/ G|qdplf vxevwuxfwxulqj ri gdpshg vw0
uxfwxuhv xvlqj vlqjxodu ydoxh ghfrpsrvlwlrq/ Mrxuqdo ri Dssolhg Phfkdqlfv/ 4<<:/
Yro197/ ss15<505<;1
^8<` RKD\RQ U1/ VRL]H F1/ Vwuxfwxudo dfrxvwlfv dqg yleudwlrq = phfkdqlfdo prghov/
yduldwlrqdo irupxodwlrqv dqg glvfuhwl}dwlrq/ Dfdghplf Suhvv/ 4<<;1
^93` RVPDQL Q1/ Uhfdodjh sdu frqghqvdwlrq gh prgëohv/ Wkëvh gh Grfwrudw hq
Vflhqfhv Srxu o*Lqjìqlhxu/ Xqlyhuvlwì gh Iudqfkh0Frpwì/ 4<<<1
^94` SLUDQGD M1/ Dqdo|vh prgdoh hw uhfdodjh gh prgëoh/ Kdelolwdwlrq ã Gluljhu ghv
Uhfkhufkhv/ Xqlyhuvlwì gh Iudqfkh0Frpwì/ 4<<71
^95` SU]HPLHQLHFNL M1V1/ Pdwul{ vwuxfwxudo dqdo|vlv ri vxevwuxfwxuhv/ Dphulfdq
Lqvwlwxwh ri Dhurqdxwlfv dqg Dvwurqdxwlfv Mrxuqdo/ 4<96/ Yro14/ ss146;047:1
^96` UDPDQLWUDQMD D1Q1/ ODOOHPHQW J1/ Fkrl{ rswlpdo ghv ghjuìv gh olehuwì
pdñwuhv gh od frqghqvdwlrq gh Jx|dq1 Dssolfdwlrq ã o*lghqwlfdwlrq sdudpìwultxh/
Pìfdqltxh Lqgxvwulhooh hw Pdwìuldx{/ Uhyxh gx J1D1P1L1/ 4<<9/ Yro17</ Qr15/
ss1<80<:1
^97` UDPDQLWUDQMD D1Q1/ Lghqwlfdwlrq sdudpìwultxh = dgdswdwlrq hqwuh od vwuxf0
wxuh hw vrq prgëoh sdu h{sdqvlrq/ Wkëvh gh Grfwrudw hq Vflhqfhv Srxu o*Lqjìqlhxu/
Xqlyhuvlwì gh Iudqfkh0Frpwì/ 4<<91
^98` UXELQ V1/ Lpsuryhg frpsrqhqw0prgh uhsuhvhqwdwlrq iru vwuxfwxudo g|qdplf dqd0
o|vlv/ Dphulfdq Lqvwlwxwh ri Dhurqdxwlfv dqg Dvwurqdxwlfv Mrxuqdo/ 4<:8/ Yro146/
Qr1;/ ss1<<8043391
^99` VFKLDYRQH S1/ ERXKDGGL Q1/ Prgëohv frqghqvìv dgdswìv dx fdofxo gh uì0
srqvhv iuìtxhqwlhoohv/ Pìfdqltxh Lqgxvwulhooh hw Pdwìuldx{/ Uhyxh gx J1D1P1L1/
4<<9/ Yro17</ Qr15/ ss1:<0;41
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^9:` VFKLDYRQH S1/ RVPDQL Q1/ ILOORG U1/ ERXKDGGL Q1/ Orfdolvdwlrq hw
uhfdodjh sdu frqghqvdwlrq gh prgëoh/ Pìfdqltxh Lqgxvwulhooh hw Pdwìuldx{/ Uhyxh
gx J1D1P1L1/ 4<<;/ Yro184/ Qr17/ ss14;804;:1
^9;` VFKLDYRQH S1/ Orfdolvdwlrq hw uhfdodjh sdu frqghqvdwlrq gh prgëohv/ Wkëvh
gh Grfwrudw hq Vflhqfhv Srxu o*Lqjìqlhxu/ Xqlyhuvlwì gh Iudqfkh0Frpwì/ 4<<<1
^9<` VKDK Y1Q1/ UD\PXQGP1/ Dqdo|wlfdo vhohfwlrq ri pdvwhuv iru uhgxfhg hljhqyd0
oxh sureohpv/ Lqwhuqdwlrqdo Mrxuqdo iru Qxphulfdo Phwkrgv lq Hqjlqhhulqj/ 4<;5/
Yro14;/ ss1;<0<;1
^:3` WUDQ G1P1/ Pìwkrghv gh v|qwkëvh prgdoh pl{whv/ Uhyxh Hxursìhqqh ghv Hoì0
phqwv Ilqlv/ 4<<5/ Yro14/ Qr15/ ss146:04:<1
^:4` ZLOVRQ H1O1/ IDUKRRPDQG L1/ EDWKH N1M1/ Qrqolqhdu g|qdplf dqdo|vlv
ri frpsoh{ vwuxfwxuhv/ Lqwhuqdwlrqdo Mrxuqdo ri Hduwktxdnh Hqjlqhhulqj dqg vw0
uxfwxudo g|qdplfv/ 4<:6/ Yro14/ ss157405851
^:5` ]KDQJT1/ Lghqwlfdwlrq prgdoh hw sdudpìwultxh gh vwuxfwxuhv pìfdqltxhv dxwr0
dgmrlqwhv hw qrq dxwr0dgmrlqwhv/ Wkëvh g*Hwdw/ Xqlyhuvlwì gh Iudqfkh0Frpwì/
4<;:1
^:6` ]LHQNLHZLF] R1F1/ WD\ORUU1O1/ Wkh qlwh hohphqw phwkrg/ irxuwk hglwlrq/
Yro14/ Edvlf irupxodwlrq dqg olqhdu sureohp/ Pf Judz Kloo Errn Frpsdjq|/
4<;<1
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46;
Dqqh{hv
D Fkrl{ ghv ghjuìv gh olehuwì sdu idfwrulvdwlrq gh
w|sh TU
Oh fkrl{ g*xqh vrxv0edvh prgdoh elhq frqglwlrqqìh hvw qìfhvvdluh oruv ghv surfìgxuhv
gh sdvvdjh hq frrugrqqìhv sk|vltxhv/ gdqv xqh skdvh gh uìgxfwlrq gh prgëohv +sdud0
judskh 51617,1 Lo frqylhqw gh vìohfwlrqqhu ohv ghjuìv gh olehuwì gh od edvh prgdoh grqw
ohv gluhfwlrqv dvvrflìhv dx{ oljqhv fkrlvlhv gh od pdwulfh prgdoh vrqw ohv soxv olqìdluh0
phqw lqgìshqgdqwhv1 Rq rewlhqw dlqvl xqh vrxv0pdwulfh prgdoh elhq frqglwlrqqìh grqw
o*lqyhuvlrq qh gìjudgh sdv od suìflvlrq gh suìglfwlrq gx prgëoh uìgxlw1
Ohv surfìgxuhv gh fkrl{ gh ghjuìv gh olehuwì gh fh w|sh vrqw ìjdohphqw hpsor|ìhv
oruv gh od vìohfwlrq ghv ghjuìv gh olehuwì pdñwuhv gh od frqghqvdwlrq gh Jx|dq rx od
vìohfwlrq rswlpdoh ghv srvlwlrqv g*revhuydwlrq g*xqh vwuxfwxuh oruv g*hvvdlv g|qdpltxhv
^79`/ ^96` hw ^97`1
Rq udsshooh lfl od plvh hq rhxyuh gh od idfwrulvdwlrq gh w|sh TU dyhf slyrwdjh
g*xqh vrxv0edvh prgdoh gdqv oh fdguh gh od vìohfwlrq gh ghjuìv gh olehuwì1 Rq vh uìiëuh
ã o*rxyudjh gh Jroxe hw Ydq Ordq ^67` srxu soxv gh gìwdlov vxu o*dojrulwkph1
Vrlw +S6, od edvh prgdoh uhvwuhlqwh dx{ ghjuìv gh olehuwì fdqglgdwv ã od vìohfwlrq1
Hooh frpsruwh S oljqhv fruuhvsrqgdqw dx{ ghjuìv gh olehuwì hw6 frorqqhv fruuhvsrqgdqw
dx{ yhfwhxuv sursuhv +S : 6,1
 Vìohfwlrq gh 6 ghjuìv gh olehuwì
Rq gìfrpsrvh od wudqvsrvìh gh od vrxv0pdwulfh prgdoh  sdu od uhodwlrq pdwulflhooh
vxlydqwh =
A ' '- +D14,
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rü
' +S S, hvw xqh pdwulfh ruwkrjrqdoh +'A' ' USS
- +S6, hvw xqh uhvwulfwlrq g*xqh pdwulfh wuldqjxodluh vxsìulhxuh
grqw ohv ydohxuv devroxhv ghv whuphv gldjrqdx{ vrqw gìfurlvvdqwhv
 +66, hvw xqh pdwulfh gh shupxwdwlrq ghv frorqqhv gh A +A ' U66
Oh slyrwdjh hvw dvvxuì sdu od pdwulfh gh shupxwdwlrq ghv frorqqhv gh A 1 Fhwwh
pdwulfh  orfdolvh ohv 6 frorqqhv ohv soxv lqgìshqgdqwhv olqìdluhphqw1
Hq sudwltxh/ lo q*hvw sdv qìfhvvdluh g*hhfwxhu od idfwrulvdwlrq lqwìjudoh1 Oh fdofxo
ghv pdwulfhv ' hw - hvw lqxwloh srxu od vìohfwlrq gìvluìh1
Od gìwhuplqdwlrq gh od pdwulfh gh shupxwdwlrq  hvw ìtxlydohqwh ã xqh vìtxhqfh
lwìudwlyh gh uhfkhufkh gh gluhfwlrqv ohv soxv ruwkrjrqdohv gìfulwh fldsuëv1
Fodvvltxhphqw/ oh suhplhu yhfwhxu fkrlvl fruuhvsrqgdqw dx suhplhu ghjuì gh olehuwì
vìohfwlrqqì hvw od frorqqh gh od pdwulfh A gh soxv judqgh qruph1
Vxssrvrqv txh & yhfwhxuv frorqqh dlhqw ìwì fkrlvlv dsuëv & lwìudwlrqv1 Lov iruphqw
od pdwulfh A
&
+6  &, hw oh vrxv0hvsdfh yhfwrulho dvvrflì T eS|EA
&
1 Rq qrpph A
S3&
+6 ES &, od pdwulfh ghv yhfwhxuv frorqqh fdqglgdwv uhvwdqwv1
Rq frqvwuxlw doruv o*rsìudwhxu gh surmhfwlrq z
&
+6 6, vxu oh vrxv0hvsdfh ruwkr0
jrqdo ã T eS|EA
&
 =
z
&
' U66 A&

&
A
&

3
& +D15,
Rq surmhwwh ohv yhfwhxuv gh od pdwulfh A
S3&
ã o*dlgh gh o*rsìudwhxu z
&
whov txh =
A

S3&
' z
&
A
S3&
+D16,
Oh yhfwhxu frorqqh +hw grqf oh ghjuì gh olehuwì, uhwhqx ã o*lwìudwlrq & hvw oh yhfwhxu
oh soxv ruwkrjrqdo ã T eS|EA
&
1 Lo fruuhvsrqg dx yhfwhxu gh soxv judqgh qruph gh od
pdwulfh A

S3&
+6 ES &,1
 Vìohfwlrq gh 6  ghjuìv gh olehuwì dyhf  ghjuìv gh olehuwì lpsrvìv
Fhuwdlqv ghjuìv gh olehuwì shxyhqw íwuh lpsrvìv gdqv od vìohfwlrq srxu ghv udlvrqv
g*revhuydelolwì gh od vwuxfwxuh rx srxu vdwlvidluh ghv vsìflfdwlrqv +ylvxdolvdwlrq gh
uìsrqvhv rx gh gìirupìhv prgdohv dx{ ghjuìv gh olehuwì frqvlgìuìv,1
Vrlw  +  6, od edvh prgdoh uhvwuhlqwh dx{ ghjuìv gh olehuwì lpsrvìv hw S3
+ES 6, od edvh prgdoh uhvwuhlqwh dx{ ghjuìv gh olehuwì fdqglgdwv1
Od idfwrulvdwlrq TU hvw hhfwxìh vxu od pdwulfh A

S3
grqw oh vrxv0hvsdfh dvvrflì
T eS|EA

S3
 hvw ruwkrjrqdo ã T eS|EA


1 Od pdwulfh A

S3
hvw rewhqxh sdu xqh surfìgxuh
vlplodluh ã od suìfìghqwh =
A

S3
'

U66 A


A


3


A
S3
+D17,
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Dqqh{hv
E Udsshov vxu od gìfrpsrvlwlrq hq ydohxuv vlqjx0
olëuhv
Od gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv hvw xq rxwlo wuëv xwloh hq fdofxo pdwulflho1 Hooh
shuphw qrwdpphqw gh gìwhuplqhu oh udqj o g*xqh pdwulfh hw g*hq h{wudluh o yhfwhxuv
ruwkrjrqdx{ uhsuìvhqwdqw xq vrxv0hvsdfh gh glphqvlrq o1
Od gìfrpsrvlwlrq hq ydohxuv vlqjxolëuhv hvw gìwdlooìh gdqv ^67` hw ^78`1
Vrlw xqh pdwulfh  5 6? gh udqj o  R +R ' 4?E6c?1
Lo h{lvwh ghv pdwulfhv xqlwdluhv L 5 66/ T 5 ?? hw xqh pdwulfh gldjrqdoh
P 5 -6? whoohv txh =
 ' LPT
A
+E18,
Ohv R ìoìphqwv gldjrqdx{ j gh od pdwulfh P vrqw dsshoìhv ydohxuv vlqjxolëuhv gh od
pdwulfh  hw vrqw srvlwliv rx qxov1 Sdu frqyhqwlrq/ rq ohv udqjh sdu ruguh gìfurlvvdqw1
Ohv fduuìv ghv ydohxuv vlqjxolëuhv j2

fruuhvsrqghqw dx{ ydohxuv sursuhv ghv sur0
eoëphv +E19, hw +E1:,1
Ohv pdwulfhv xqlwdluhv L hw T vrqw irupìv uhvshfwlyhphqw ghv yhfwhxuv sursuhv 
hw  lvvxv ghv sureoëphv +E19, hw +E1:,1 Fhv yhfwhxuv vrqw qrppìv uhvshfwlyhphqw
yhfwhxuv vlqjxolhuv gh jdxfkh hw gh gurlwh gh od pdwulfh 1k

A  j2

U66
l
 ' f +E19,k

A
 j2

U??
l
 ' f +E1:,
Od pdwulfh ìwdqw gh udqj o/ rq frpswh o ydohxuv vlqjxolëuhv qrq qxoohv1
Ohv pdwulfhv L hw T vdwlvirqw ohv uhodwlrqv g*ruwkrqrupdolwì vxlydqwhv =
L
A

A
L ' _@}Ej2

c    c j2
o
c fc    c f
L
A
L ' U66
T
A

A
T ' _@}Ej2

c    c j2
o
c fc    c f
T
A
T ' U??
+E1;,
Oh frqglwlrqqhphqw gh od pdwulfh  hvw grqqì sdu oh udssruw j*jo1
Od pdwulfh  gh udqj o yìulh od uhodwlrq +E1<, =
 ' LPT
A

+E1<,
rü ohv pdwulfhv L +6 o, hw T +? o, vrqw irupìv ghv o yhfwhxuv vlqjxolhuv gh jdxfkh
hw gh gurlwh dvvrflìv dx{ o ydohxuv vlqjxolëuhv qrq qxoohv uhjurxsìhv gdqv P +o  o,1
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5pVXPp
8QH DSSURFKH V\QWKpWLTXH GHV PpWKRGHV GH
UpGXFWLRQ GH PRGqOHV pOpPHQWV ILQLV
G\QDPLTXHV GH VWUXFWXUHV PpFDQLTXHV HVW
SUpVHQWpH GDQV FH PpPRLUH
8QH QRXYHOOH WHFKQLTXH GH V\QWKqVH PRGDOH
HVW SURSRVpH  HOOH SHUPHW O·REWHQWLRQ GH
PRGqOHV UpGXLWV H[HPSWV GH FRRUGRQQpHV GH
MRQFWLRQ 6HV SHUIRUPDQFHV VRQW FRPSDUpHV
YLVjYLV GHV PpWKRGHV GH VRXVVWUXFWXUDWLRQ
FODVVLTXHV ORUV GH OD UpGXFWLRQ GH PRGqOHV GH
VWUXFWXUHV DXWRPRELOHV 8Q PRGqOH VRXV
VWUXFWXUp G·XQH FDLVVH QXH GH YpKLFXOH GH
  GGO SUpVHQWDQW XQH IRUWH
FRQQHFWLYLWp HVW FRQGHQVp j   GGO SDU
FHWWH PpWKRGH
/·XVDJH GH WUDQVIRUPDWLRQV HQ FRRUGRQQpHV
SK\VLTXHV DYHF OD SULVH HQ FRPSWH GHV
FKDUJHPHQWV DSSOLTXpV HVW JpQpUDOLVp j
O·HQVHPEOH GHV PpWKRGHV GH UpGXFWLRQ
/D UREXVWHVVH GHV PRGqOHV UpGXLWV
SDUDPpWUpV HVW WUDLWpH DLQVL TXH OHV
WHFKQLTXHV G·DGDSWDWLRQ SDU UpGXFWLRQV
PXOWLSOHV GHV GRQQpHV LVVXHV GX PRGqOH DX[
REVHUYDWLRQV PHVXUpHV VXU OD VWUXFWXUH GDQV
GHV REMHFWLIV GH UHFDODJH GH PRGqOH HW
G·RSWLPLVDWLRQ GH FRPSRUWHPHQW
0RWV FOpV  '\QDPLTXH GHV VWUXFWXUHV PRGqOH UpGXLW SDUDPpWUp  FRQGHQVDWLRQ
V\QWKqVH PRGDOH UpDQDO\VH UHFDODJH GH PRGqOH RSWLPLVDWLRQ
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$EVWUDFW
$ V\QWKHWLF PHWKRGRORJ\ IRU WKH G\QDPLF
UHGXFWLRQ RI ILQLWH HOHPHQWV PRGHOV RI
PHFKDQLFDO VWUXFWXUHV LV SUHVHQWHG LQ WKLV
WKHVLV
$ QHZ WHFKQLTXH RI FRPSRQHQW PRGH
V\QWKHVLV LV SURSRVHG ZKLFK DOORZV WKH
HOLPLQDWLRQ RI WKH MXQFWLRQ GHJUHHV RI
IUHHGRP 7KH SHUIRUPDQFH RI WKLV DSSURDFK
LV FRPSDUHG WR WUDGLWLRQDO PHWKRGV RI
VXEVWUXFWXULQJ FXUUHQWO\ XVHG RQ PRGHOV RI
DXWRPRELOH VWUXFWXUHV $ VXEVWUXFWXUHG
PRGHO RI D ERG\LQZKLWH FRQWDLQLQJ  
GRI DQG KDYLQJ D GHQVH FRQQHFWLYLW\ LV
FRQGHQVHG GRZQ WR   GRI ZLWK WKLV
PHWKRG
7KH LGHD RI WUDQVIRUPLQJ WR SK\VLFDO
FRRUGLQDWHV ZKLOH WDNLQJ LQWR DFFRXQW WKH
DSSOLHG ORDGV LV JHQHUDOL]HG WR WKH DOO
UHGXFWLRQ PHWKRGV VWXGLHG
7KH UREXVWQHVV RI WKH SDUDPHWHUL]HG
UHGXFHG PRGHOV LV DOVR H[DPLQHG ZLWK
UHVSHFW WR VWUXFWXUDO PRGLILFDWLRQV
)LQDOO\ WKH WHFKQLTXH RI UHVSRQVH
DGDSWDWLRQ E\ PXOWLSOH UHGXFWLRQV RI WKH
PRGHO GDWD WR WKH REVHUYDWLRQV PHDVXUHG RQ
WKH VWUXFWXUH LV VWXGLHG LQ YLHZ RI PRGHO
XSGDWLQJ DQG EHKDYLRU RSWLPL]DWLRQ
.H\ ZRUGV  6WUXFWXUDO G\QDPLFV SDUDPHWHUL]HG UHGXFHG PRGHO FRQGHQVDWLRQ
FRPSRQHQW PRGH V\QWKHVLV UHDQDO\VLV PRGHO XSGDWLQJ RSWLPL]DWLRQ
8)5 GHV 6FLHQFHV HW 7HFKQLTXHV GH O·8QLYHUVLWp GH )UDQFKH&RPWp
/DERUDWRLUH GH 0pFDQLTXH $SSOLTXpH 5 &KDOpDW 805 
 &KHPLQ GH O·eSLWDSKH  %HVDQoRQ
